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ABSTRACT
THE PREDICTION OF ANTHROPOMETRIC DIMENSIONS
USING STATURE-BASED MULTIPLIERS:
VALIDATION AND APPLICATION TO
GENDER AND RACE GROUPS
Name: Gannon, Aaron James
University of Dayton, 1998
Advisor: Dr. W. F. Moroney
The inherent proportionality of the human body has been accepted since ancient 
times. Moreover, it has been assumed that target anthropometric dimensions could be 
validly predicted by ratios or multipliers of another dimension (usually stature). Stature- 
based anthropometric multipliers from Drillis and Contini’s (1966) Body Segment 
Parameters have been frequently referenced, even though this study focused on body 
segment mass properties rather than anthropometric dimension prediction.
Using the US Army 1987-1988 anthropometric survey (Gordon et al., 1989), we 
explored the validity of stature-based anthropometric multipliers, and investigated the 
potential for improved validity by correcting multipliers for gender and race. This paper 
discusses findings for the ten anthropometric dimensions we studied (acromial height, 
acromial height sitting, bideltoid breadth, buttock-knee length, buttock-popliteal length, 
eye height sitting, functional leg length, knee height sitting, sitting height, and thumb tip 
reach) within four demographic groups (male whites, male blacks, female whites, and 
female blacks), using four categories of stature-based multipliers (multipliers based on all
iii
Overall, practitioners should exercise caution when using stature-based 
anthropometric multipliers to predict, as they are subject to problems with high individual 
variations and are susceptible to systematic percentile-placement errors (e.g., higher 
errors associated with the percentile extremes, such as 0-5111 or 95th-100th percentile 
ranges). Although caution is required when employing stature-based multipliers, the 
most valid predictions resulted from using stature-based multipliers that were corrected 
for gender and race demographic variables.
subjects, multipliers based on gender, multipliers based on race, and multipliers based on
gender and race).
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CHAPTER I
INTRODUCTION
“And a champion went out from the camp o f  the Philistines, named Goliath, from  Gath, 
whose height was six cubits and a span. ” - I  Samuel 17:4
Since ancient times, we have concerned ourselves with the relative description of 
human dimensions, describing a particular dimension by its relationship to another body 
dimension or dimensions. In the case of the Biblical account o f David and Goliath, the 
target measurement of the Philistine’s stature (height) is defined by its relationship with 
two dimensions, forearm-hand length (defined as one cubit) and maximum hand spread 
(defined as one span). Using a long cubit, 22.5 inches and a span, 9 inches, the Philistine 
giant is 12 feet tall— far above the Guinness world’s record at 8’ 11.1” (i.e., Robert 
Pershing Wadlow, b. 1918-d. 1940), and an outlier on any population’s standard curve.
Later, classical sculptors and artists o f Greece and Rome formally promoted the 
proportionality of the human body. They accepted geometrical relationships o f body 
dimensions as natural and universal; Pheasant (1996) noted that “ ...it came to be thought 
that certain whole-number ratios between the dimensions of the body and its component 
parts were inherently ‘harmonious’ in the sense of being aesthetically pleasing” (p. 7). 
This classical, harmonious, and artistic view o f human proportion may be seen played out 
in the statues of antiquities; for instance, the nipples and umbilicus o f the Venus de Milo 
form the vertices of an equilateral triangle.
1
2The Roman architectural theorist Vitruvius provided the extant classical system of
human proportions. Pheasant (1996) expounded:
The stature of a ‘well-made man’, for example, is held to be equal to his 
arm span (one fathom or two yards), which in turn is equal to four cubits 
(from the elbow to the fingertip), six foot lengths and so on. Vitruvius 
makes it clear that he regards this ‘science’ o f human proportions as being 
a fundamental principle in building design, (p. 7)
Leonardo da Vinci’s “Vitruvian Man,” a nude human male placed within a circle 
and a square, further exemplifies the geometric proportionality that was accepted as fact. 
Pheasant (1996) noted,
By Leonardo’s day the theory of human proportions had become bound up 
with that so-called ‘golden proportion’ or ‘golden ratio’. It became 
accepted as a ‘fact’ that the umbilicus divides the stature o f the standing 
(male) person in golden section: that is, such that the ratio o f the greater 
part to the whole is equal to that of the lesser part of the greater part. (pp.
7-8)
Did these assumptions on universal human proportionality generate descriptions 
of humans as they were, or as the artists and scientists willed them to be (cf. Pheasant, 
1996), based on desires for lucidity, mechanism, and harmony? Is there a chance that the 
sprit of the times did not promote a chaotic, yet honest, description o f human proportional 
design? Conversely, is there a chance, given the diverse natural composition of human 
anthropometric dimensions, that certain relationships between dimensions do transcend 
the chaos and allow valid prediction and accurate description o f target dimensions via 
simple ratios or multipliers?
Purposes and Hypotheses
The ancient and classical human proportion traditions have a modem derivative in 
the form of stature-based anthropometric multiplier prediction, a proportional technique 
that uses a fraction or decimal number to describe a human dimension (e.g., sitting
3height) as a ratio part of another dimension (e.g., stature; cf. Pheasant, 1996, p. 27, “ratio 
scaling”). Although intuitive, the proportional stature-based multiplier approach to 
anthropometric prediction has progressed with little substantive validation. Additionally, 
anthropometric multipliers have ignored physical proportional differences between the 
races, assuming that the proportions of one race apply equally well to another race 
(multipliers have been partitioned based on gender, but not substantially validated).
The purpose o f this thesis is two-fold. First, the purpose is to determine how valid 
the stature-based multiplier anthropometric prediction technique is in predicting target 
dimensions, both for the population sample as a whole, and for the individual within the 
population sample. Second, based on these validation findings, the purpose is to 
determine the benefit in prediction accuracy resulting from deriving unique stature-based 
multipliers corrected for gender, for race, and for gender and race simultaneously.
Based on the shreds o f validation from past ratio studies, it is first hypothesized 
that a degree o f validity exists in the stature-based multiplier prediction technique for 
certain dimensions; however, the extent o f this validity is, at the present, unknown. 
Second, it is also hypothesized that by partitioning stature-based multipliers by gender, 
race, and combined gender+race, more accurate or valid— in brief, more useful—  
prediction multipliers may be developed.
Scope
This thesis addresses the validity and possible improvement of the stature-based 
multiplier prediction technique for the forecasting of target anthropometric dimensions.
It does not cover in detail the description or quality o f other approaches, such as the 
multivariate accommodation method, or the regression equation method.
The regression equation method (i.e., y = mx+b) is similar to the stature-based 
multiplier prediction method (i.e., y = mx) in form and function; hence the two can be 
easily confused. To clarify, regression equations are based upon correlation; proportional 
multipliers are not. Proportional multipliers use population sample means (and 
sometimes standard deviations) o f anthropometric dimensions for the development of 
simple (stature-based) multipliers. Note also that the stature-based multipliers explored 
in this thesis address only proportional means (as the classic and oft-cited study, Drillis 
and Contini,1966, did), and not proportional standard deviations as later authors (cf., 
Pheasant, 1996; 1982a; 1982b) developed and employed.
Background: Past Stature-Based Multiplier Studies and Validation
A number o f studies in the past 50 years have considered the issue o f human 
proportion and stature-based multiplier dimension prediction. These studies, detailed 
here, were identified via structured literature searches (conducted in mid-1997) covering 
the Dissertation Abstracts International, Ei* Compendex Plus, Ergonomics Abstracts, 
National Technical Information Service (NTIS), PsycINFO, and Social Sciences Citation 
Abstracts (SciSearch) databases. Secondary references were also used for identifying 
relevant literature. The following discussion traces the extant stature-based multiplier 
studies in chronological order.
Barkla (1961). The stature-based multiplier anthropometric prediction process 
nearly always has as its end some practical physical design problem. In the case of 
Barkla (1961), the practical design problem involved harmonizing the dimensions of a 
chair with the dimensions of the (British) human user. Because few anthropometric data 
were published on British populations, or were relevant to chair design, Barkla estimated
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5these data based on a combination of 13 anthropometric surveys, drawn from varying 
combinations o f American, Swedish, and British males and females. Note that different 
procedures exist and are used for anthropometric measurement, but are not discussed 
further in this thesis; it is important to appreciate, however, that different methods can 
affect the accuracy of the final results.
These surveys had varying degrees of completeness in the dimensions measured; 
the American male and female and British male surveys included the widest breadth of 
dimensions. Also, Barkla noted that his estimates applied to people aged 18-40 years.
Barkla provided body dimensions as proportions o f stature for each of the surveys 
(for available dimensions), and also published a table o f rough proportional (with relation 
to stature) averages from a combination of the surveys. This table, used to estimate the 
measurements o f the target British population, appears here as Table 1.
Table 1. Averages of body dimensions as proportions of stature (Barkla, 1961)
Dim ension Males Females
1. Sitting height 0.525 0.525
2. Shoulder - seat 0.340 0.335
3. Waist height 0.135 N/A
4. Shoulder - elbow 0.210 0.210
5. Elbow - seat 0.130 0.125
6. Buttock - knee 0.342 0.350
7. Buttock - back of calf 0.280 0.290
8. Knee height 0.315 0.310
9. Underside of thigh-floor 0.245 0.245
10. Shoulder width 0.260 0.250
11. Elbow width 0.255 0.250
12. Buttock width 0.205 0.235
Barkla did not provide validation statistics for his prediction multipliers that
detailed how well they predicted actual values (although certain cautions are provided by 
Barkla, 1961). Moreover, no evidence was found o f a subsequent validation study based 
on these multipliers.
Dempster and Gaughran (1964). Anthropometric proportions are not limited to 
the living; in their study of 9 white male cadavers (average age o f 69), Dempster and 
Gaughran provided a “link figure with mean dimensions o f each link stated in terms of 
percentage of statures” (p. 46). To establish linear measurements, Dempster and 
Gaughran used a combination of traditional anthropometric tools (anthropometer, 
spreading caliper, sliding caliper) and photography.
It is important to note that determining link lengths was only a part of Dempster 
and Gaughran’s work; their research dealt with the broader problem of body segment 
properties (the title o f their work). These properties included centers of mass, weight, 
volumetric measurements, and density. Because o f the limited size and highly selected 
nature of their sample, Dempster and Gaughran’s link figure is not appropriate for use in 
anthropometric design problems; additionally, the proportions reported were never 
validated, and have not been widely applied to design problems as far as this author can
determine.
Drillis and Contini (1966): The Prototypical Proportional Figure Perhaps the 
most often cited proportional multipliers, based on stature, are referenced from Drillis 
and Contini’s (1966) Figure 25 (illustrated here as Figure 1). These multipliers have 
been cited in the literature for general anthropometric predictions (cf. Scott and Loeb, 
1994; Keyserling, Punnett, and Fine, 1988; Keyserling and Chaffin, 1986; Ostrom, 1993). 
Derivatives of Drillis and Contini’s proportional “stickman” (again, see Figure 1) have 
appeared in such major works as Engineering Anthropometry Methods (Roebuck, 
Kroemer, and Thompson, 1975, p. 176), Occupational Biomechanics (Chaffin and 
Andersson, 1991, p. 80), and in revised form in Ergonomic Design fo r  People at Work
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7(Rodgers, 1986, p. 4). Recently, the stickman figure appeared, in wide dissemination, on 
the Internet as part of ErgoWeb’s (1997) data on anthropometry. The data from which 
the stickman figure was developed (e.g., the population, year), however, was not 
available from Ergo Web (personal e-mail from Dr. P. M. Budnick to A. Gannon, 18
January 1997).
Figure 1. Drillis and Contini's (1966) "Stickman," with 
measurements as proportions of stature.
Because Drillis and Contini (1966) is the most frequently cited reference for 
stature-based multiplier anthropometric prediction, careful searches o f the Social Science 
Citation Index were performed to locate the subsequent research that cited this document. 
The purpose of these searches was to determine the extent to which Drillis and Contini
8(1966) had been validated, refined, and improved. Only four scholarly documents 
referencing this technical report were cataloged in the Social Science Citation Index 
(Scott and Loeb, 1994; Keyserling and Chaffin, 1986; Gagnon and Rodrigue, 1979; 
Roozbazar, Bosker, and Richerson, 1979), and o f these, none provided discussion or 
refinement of the anthropometric predictions. Instead, in their citation o f Drillis and 
Contini, these documents either blindly predicted dimensions using proportional 
multipliers, or expanded on other physiological issues, such as the physical (e.g., mass) 
properties of the forearm (Gagnon and Rodrigue, 1979). Later searches o f the Science 
Citation Index were similarly unsuccessful in identifying stature-based multiplier
validation studies.
Although the Drillis and Contini (1966) stickman has seen wide (i.e., worldwide) 
dissemination, it has not been validated, as far as this author can determine. Their report 
provided no evidence o f the proportional stickman’s validity. In their only discussion of 
the stickman, Drillis and Contini noted, “the approximate values o f the segment length 
expressed as ratios of body height are shown in Figure 25. These may be used for 
approximations when exact values are not available for determining necessary
parameters” (p. 87).
Moreover, Drillis and Contini’s report was not centered on the study of 
anthropometry, but rather focused on the study o f human body segment mass parameters, 
much like Dempster and Gaughran (1964). This point is important, because it means that 
the goodness of the proportional “stickman” may not have received the attention given to 
parameters more central (e.g., mass, moment of inertia) to the researchers’ purpose.
9The data behind the stickman suggest that the proportional multipliers are 
inapplicable to a broad population. Drillis and Contini’s report revealed that the study 
was concerned with the body segment parameters o f adult males (race unspecified) 
between the ages o f 20-40. The authors noted that Hertzberg, Daniels, & Churchill’s 
(1954) Anthropometry o f  flying personnel described this population well. However, in 
the creation of the stickman, it is unclear whether Hertzberg, Daniels, & Churchill’s 
(1954) data were used, or Drillis and Contini’s (1966) sample data (n = 20, consisting of 
New York University students and Biomechanics group co-workers). None o f the 
documents (e.g., Ergo Web, 1997; Scott and Loeb, 1994; Chaffin and Andersson, 1991; 
Keyserling, Punnett, and Fine, 1988; Rodgers, 1986; Keyserling and Chaffin, 1986; 
Roebuck, Kroemer, and Thompson, 1975; Ostrom, 1993) citing Drillis and Contini 
(1966) specified the population from which the stature-based multipliers were developed.
In addition, these articles apparently assumed that the Drillis and Contini 
multipliers were appropriate and validated, at least for some predictive purpose! If the 
data used to derive the multipliers were from the population used in Drillis and Contini 
(1966)— this in itself is unclear—then the entire basis for the associated anthropometric 
prediction is a population of adult males, aged 20-40, using a sample n equal to 20!
Furthermore, it is important to understand that the date (1966) of this small survey 
should be considered significant. General trends toward population growth over time in 
the anthropometric database are reported (cf. Roebuck, Kroemer, and Thompson, 1975; 
Kroemer, Kroemer, and Kroemer-Elbert, 1994), and the ratios from the Drillis and 
Contini (1966) data may be in need of updating to account for this fact alone.
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Making an equally serious point, Kroemer, Kroemer, and Kroemer-Elbert (1990), 
speaking on Drillis and Contini (1966), stated,
About three decades ago Drillis and Contini published a “stickman” figure 
that indicated ratios between various body segments and stature; reprinted 
(with appropriate warnings and notes o f caution) by Roebuck, Kroemer, 
and Thomson (1975) and by Chaffin and Anderson (1984). Unfortunately, 
some practitioners have used these ratios indiscriminately even when the 
coefficients o f correlation were well below the “0.7 convention.” (p. 17)
The “0.7 convention” to which Kroemer, Kroemer, and Kroemer-Elbert (1990;
also echoed by Kroemer, Kroemer, and Kroemer-Elbert in 1994) are referring is a rule of 
thumb with respect to the correlation between related dimensions. With high correlation, 
for instance, between stature and sitting height, we can predict with a high degree of 
confidence that stature will account for much of the variation in sitting height. A 0.7 
correlation assures us that about 50% of the variation in the dependent variable will be 
explained or predicted by the independent variable. The implication for Drillis and 
Contini (1966) is that they published some proportions for stature that are not reliable 
(and hence, not valid), because they do not meet (at least) the 0.7 convention. Note that 
Drillis and Contini (1966) did not provide correlation data on any of the dimensions they 
selected. Note also that the 0.7 convention does not guarantee the prediction accuracy 
that the practitioner may require (which in some cases may be very stringent), rather, it is 
a heuristic used to avoid gross prediction errors.
Roozbazar, Bosker, and Richerson (1979). Roozbazar, Bosker, and Richerson 
developed predictive equations, based on the independent variables age, height, and 
weight, for the broad areas o f anthropometry, biomechanics, and work physiology. 
Roozbazar believed his study to be most applicable to normal, healthy, white, adult
11
males, in the age range of 20-65 years, and in the middle 90% of the population (90% in 
which respect— e.g., height, weight.— was not specified).
Roozbazar, Bosker, and Richerson’s (1979) listing of predictive equations for 
body segment dimensions, based on stature, is most applicable to the present study. 
These predictions (which are provided in Table 2) were derived from over 46,000 men’s 
measurements; unfortunately, the populations were not specified for these 46,000 
subjects. The authors reported that the equations were applicable only to the seated 
position, and were most appropriate for American (US), Canadian, and European males.
The validation procedure used by Roozbazar, Bosker, and Richerson (1979) 
involved predicting measurements for 250 males (including university personnel, 
students, industrial workers, and visitors to an engineering open house). However, while 
noting only that the predictions closely agreed with literature available, they provided no
results of this “cross-validation.”
Table 2. Predictive multipliers for static dimensions (After 
Roozbazar, Bosker, and Richerson, 1979)
Dimension Proportion
Sitting height (SH) .523 Height (H)
Knee height (KH) .311 (H)
Popliteal height (PH) .249 (H)
Elbow-rest height (ERH) .135 (H)
Thigh clearance height (TCH) .086 (H)
Buttock-knee length (BKL) .342 (H)
Buttock-popliteal length (BPL) .280 (H)
Elbow-to-elbow breadth (ETLB) .256 (H)
Hip breadth (HB) .203 (H)
Biacromial breadth (BB) .229 (H)
Functional arm reach; horizontal (FAR) .462 (H)
Eye height (EH) .454 (H)
Span(S) 1.032 (H)
Vertical arm reach (VAR) .795 (H)
Hand length (HL) .109 (H)
Forearm length (FL) .157 (H)
Upper arm length (UAL) .172 (H)
Trunk length (TL) .300 (H)
Upper leg length (ULL) .232 (H)
Shank length (SL) .247 (H)
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Pheasant (1982). Pheasant (1982a and 1982b), like Barkla, provided another 
application of anthropometric prediction to the British population. In several ways, 
Pheasant’s research was a later expansion of the Barkla (1961) data. Pheasant (1982b) 
clearly stated that his anthropometric estimates were derived from anthropometric 
surveys o f the British population completed within the last 25 years.
In his earlier article (1982a), Pheasant intended to develop and validate a 
technique for estimating anthropometric body segment parameters based on stature. 
Pheasant employed the technique of cross-validation, using two groups (each made up of 
a multitude of anthropometric surveys), A and B, and used A (reference or calibration 
group) to predict to B (target or validation group). The numerous surveys (divided into 
groups A and B) included European and North American populations measured between 
1954-1979. From group A, Pheasant used the population’s mean target anthropometric 
dimension divided by the mean stature to derive a prediction multiplier for the target 
dimension. Pheasant also calculated a correction factor, based on the percentile 
placement of the target dimension, by dividing the population target dimension’s standard 
deviation by the population stature standard deviation. Note again that this thesis does
not address issues relevant to standard deviation correction factors.
Pheasant partially validated his findings by predicting values for the 1st and 99th 
percentiles. Based on his findings, Pheasant (1982a) suggested that the technique is
. .sufficiently accurate for many workspace design applications. It will presumably be 
marginally more accurate than employing a ‘near equivalent’ data set (if such a source 
exists), but less accurate than a full survey” (p. 990).
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Pheasant’s procedure for developing and validating an anthropometric estimation 
method could be useful in the present purpose. Pheasant (1982a) discussed the 
differences that are found in the population between males and females, between races, 
and between age cohorts o f individuals. However, in his data, he focused on the 
difference between males and females, and did not discuss in detail the issue o f designing 
a prediction multiplier to fit specific race groups.
Because Pheasant (1982a and1982b) represented the most current, known, and 
(partially) validated iteration in the subject o f stature-based anthropometric estimation, an 
additional search o f the Social Sciences Citation Index was performed. This search 
sought to determine if later researchers had taken his work the step further to predict and 
design for specific race groups in the population. However, none of the articles located 
provided multipliers based on race demographics.
Background: Evidence for Proportional Race Differences.
Most prediction equations are derived from an adult white male population, or 
from an adult male population with race unspecified. Although the extant estimation 
equations for body segments may allow for some accuracy when applied to the limited 
US adult white male population, their application outside of this limited group may not 
provide valid predictions. For instance, a designer needing to predict certain dimensions 
for a black population may under-estimate or over-estimate some or all o f these 
dimensions, because the stature-based prediction multipliers used were derived from a 
white population. Essentially, the equations based on the traditional white adult male 
population may not apply well to black or other minority race groups, because 
anthropometrically, race proportions are different.
14
The diversity among race groups is well documented. White (1975) quoted 
Hertzberg (1968), who recognized the diverse proportions among races, and stated:
Not only is the large majority of the flying personnel among our 
Mediterranean and Oriental allies below our 50th percentile in most 
dimensions, showing that their sizes are different from ours, but also their 
proportions are different. Hence, smaller sizes o f garments which fit us 
will not necessarily fit all o f them adequately, (p. 44, emphasis added). 
Nationalities (and their component races) differ extensively on single
anthropometric dimensions, such as stature. Discussing the national (and by necessity 
race) differences found along the dimension o f stature, Kennedy (1975) stated,
Comparisons among these groups are startling to the designer. For 
instance, the 5th to 95th percentile design range for Americans would 
accommodate essentially the same percentage of Germans (6th to 96th 
percentile), but only approximately the upper 80 percent o f the French 
(19th to 99th percentile), 69 percent of Italians (30th to 99th percentile),
43 percent o f Japanese (57th percentile to the top of the range), 24 percent 
of Thai (76th percentile to the top o f the range), and 14 percent of 
Vietnamese (86th percentile to the top o f the range), (p. 52)
Kennedy (1975) provided ratios o f mean sitting height to mean stature for a
variety of world nationalities including German, French, English, US American, and 
Japanese military populations. In comparing the US American sitting height to stature 
ratios with the Japanese ratios, for instance, (.522 and .544 respectively), Kennedy 
demonstrated that the US Americans have proportionately shorter torsos (and by 
necessity, longer legs). Kennedy (1975) noted that, “Japanese body proportions are 
significantly different from those of most other populations, and this makes 
interchangeability of equipment with the Japanese very difficult” (p. 53). When the 
anthropometric dimensions o f the African-American and white Air Force basic trainees 
(from the 1965 survey by Long and Churchill, 1968) were compared, height and weight
values were similar. However, the proportions o f the various body segments were very
different. With regard to the similar height and weight values, Annis (1978) stated,
Despite this, there are significant differences in the mean values for about 
three quarters of the measurements. The Blacks have legs, arms, hands, 
and feet which, on the average, are longer than those o f Whites; the 
reverse is true for measurements of the torso. The Blacks tend to have 
longer heads, wider faces, and less body fat. (p. 11-32)
Because current estimating techniques often use the same prediction equations for 
different races, despite the fact that races have diverse and divergent dimension 
proportions, the anthropometric community needs prediction tables designed for specific 
races. The author believes that a better estimate for anthropometric dimensions will be 
achieved when the predictions are tailored for specific race populations, and also gender 
populations; the importance o f gender partitioning has already been recognized in the 
literature. Traditionally, stature-based multiplier predictions have taken gender into 
account, presumably because combining the male and female normal distributions results 
in . .a new distribution that is flat-topped (platykurtic) or even double-peaked 
(bimodal)” (Pheasant, 1996, p. 19).
Searches o f the databases cited at the beginning o f this paper, tracing the 
development of anthropometric prediction, revealed that the opportunity to design race- 
optimized stature-based multipliers has not been exploited. Hence, a gap exists in the 
pertinent research.
Reynolds (1978). Few studies on stature-based anthropometric prediction have 
addressed the issue of race differences (an issue central to this thesis, along with the 
validity of the stature-based multiplier prediction technique). In fact, Reynolds (1978) is 
the only recent work identified that provided a breakdown, by race, o f regression 
equations predicting major bone lengths from stature (note clearly that Reynolds dealt
15
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with regression equations, not predictions based on stature-based multipliers, the present 
purpose; moreover, bone lengths differ from surface anthropometric dimensions). Even 
so, Reynolds used the earlier data of Trotter and Glesser (1958), who correlated the living 
stature of young white and black US military personnel with the post-mortem lengths of 
extremity bones. Reynolds applied normalization and correlation equations to the data to 
determine the stature-based regression equations for male and female whites and blacks; 
these equations are provided here in Table 3 and Table 4.
Table 3. Regression equations for estimating limb lengths— males (After 
Reynolds, 1978; all values are given in centimeters)
White
Equation SE est.
B lack
Equation SE est.
Humerus Length 185S+1.338 ±1.17 .202S-.969 ±1.13
Radius Length .137S+1.467 ±.89 ,157s-. 599 ±1.02
Ulna Length 140+S+2.688 ± 93 .158S-1.013 ±1.06
Femur Length .281S-1.902 ±1.44 314S-9.740 ±1.49
Tibia Length .268S-8.369 ±1.33 .288S-9.740 ±1.40
Fibula Length .257S-6.490 ±1.22 .266S-6.129 ±1.32
Table 4. Regression equations for estimating limb lengths— females (After 
Reynolds, 1978; all values are given in centimeters)
White
Equation SE est.
B lack
Equation SE est.
Humerus Length .1855S+.771 ±1.03 .181S+1.699 ±1.05
Radius Length 130S+1.273 ± .76 .143S+.580 - ±1.14
Ulna Length .139S+1.708 ±89 .130S+4.535 ±99
Femur Length 289S-3.516 ±1.30 .310S-6.214 ±1.27
Tibia Length .242S-4.870 ±1.15 .265S-7.221 ±1.25
Fibula Length .243S-4.695 ±1.13 .261S-6.471 ±1.22
Although Reynolds’ data are dated, they are useful because they enumerate
mathematically the differences between the races, supporting the existing evidence for 
anthropometric race differences. Moreover, they suggest that providing distinct, race- 
optimized equations is a worthwhile and necessary pursuit.
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However, the data must be viewed cautiously. In relevance to the validity- 
exploration purpose of this thesis, Dempster, Sherr, and Priest (1964) indicated that 
stature for their sample (US Caucasoid males also taken from Trotter and Glesser, 1958) 
might not be an appropriate independent variable. Originally, Dempster, Sherr, and 
Priest used the equation:
Ch=a+bCr+dCs
“ ...where a, b, and d are constants derived in the analysis, Ch is the dependent variable 
(i.e., humerus length), Cr is the independent variable (i.e., radius length), and Cs is the 
independent variable, stature” (p. 255). The researchers eventually dropped dC s (stature) 
from the equation, because,
through analysis, however, it became apparent that the stature of a subject 
had no significant statistical bearing on the dependent variable. (This 
statement in no way contradicts the Trotter-Glesser analysis which had a 
totally different purpose. In their study, stature was the dependent 
variable, or output value, relative to lengths o f the various bones), (p. 255)
This finding is important, because it cautions the use o f stature as an independent
variable specifically for (at least a portion of) the data published in Reynolds (1978). The 
broader implication impacts the present study, and can be phrased as the thesis first 
purpose question: Is stature a valid predictor o f target anthropometric segment lengths? 
After answering this, the second purpose question is phrased: can prediction be improved 
by race (and gender) partitioning?
The Challenge
As a counterpoint to blindly using the stature-based multiplier prediction
technique, Kroemer, Kroemer, and Kroemer-Elbert (1994) warn,
Given the varying correlations among body measures, the attempt is futile 
to express all body dimensions as a portion of stature. For several years a 
scheme was used by designers which supposedly expressed body heights,
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body breadths, and segment lengths in terms of fixed percent of stature.
For instance, hip breadth was said to be 19.1 percent o f height— 
misleading nonsense, of course, because hip breadth varies widely among 
individuals and between males and females as groups, and furthermore 
nothing can be designed for a fixed “average” hip breadth, (p. 39)
Given these truths, the facts remain: stature-based multiplier anthropometric
prediction is a commonly published, and commonly used, technique for dimension 
prediction. Hence, the questions also remain: are stature-based multiplier anthropometric 
predictions valid, and if so, in which cases? Can we improve the validity o f our 
predictions by partitioning for gender and race?
Summary and Proposal
The author believes that by manipulating and analyzing the US Army 
anthropometric data gathered in Gordon et al. (1989) in a cross-validation study, the 
validity o f anthropometric predictions based on stature-based multipliers, for certain 
dimensions, can be determined and improved. To reiterate the dual-mission o f this thesis, 
the purposes are to 1), determine the validity o f anthropometric predictions using stature- 
based multipliers, and to 2), explore race (and gender) partitioning as a means for 
improving the validity of stature-based multipliers. It is believed that more valid stature- 
based prediction multipliers providing a best fit for race (and gender) groups may be 
found. These gender- and race-based predictions will afford better prediction accuracy.
Two conclusions from this introduction warrant summarization. First, the stature-
based multiplier prediction approach to anthropometric accommodation needs validation. 
Many designers, because of convenience, may be relying upon an equation or multiplier 
that might not provide the most accurate prediction o f body segment anthropometry. The 
validity o f the stature-based multiplier prediction approach is explored in this thesis. 
Second, improved anthropometric prediction multipliers that are designed for specific
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genders and races may increase the prediction validity and better end-accommodation of 
the user. Therefore, this thesis also explores gender and race issues as they may improve 
the validity o f the stature-based multiplier anthropometric prediction technique.
CHAPTER II
METHOD
This section discusses the procedure employed to operationalize the two purposes
of this thesis,
1. determine the validity o f stature-based multiplier anthropometric predictions, and
2. explore and identify improvements in prediction accuracy enabled by partitioning 
gender and race.
Overview
This section contains discussions of:
>  the data source selected, including its credibility,
>  the selection o f anthropometric dimensions,
>  the cross-validation technique and related subject random assignment to calibration 
and validation groups,
> the computation procedure for stature-based multipliers, for selected calibration 
groups, separately and in combination, and,
>  the procedure for application of stature-based multipliers to applicable validation
groups.
The Data Source— ANSUR 1988
The US Army conducted an anthropometric survey (ANSUR) of its personnel 
between 1987 and 1988 (Gordon et al., 1989) to correct deficiencies in its databases 
(dating from 1966, males, and 1977, females). The 1988 anthropometric survey’s data
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are useful beyond applications within the Army, and the survey is an excellent source for 
human measurements relevant to facility, equipment, and workstation design.
Credibility and Advantages. ANSUR 1988 researchers distinguished the utility of 
their survey by ensuring consistency, clarity, and attention to detail. Because it was 
completed between 1987 and 1988, the survey represents a recent snapshot of 
anthropometric dimensions. One specifically-trained measuring team collected all 
dimension measurements, minimizing observer error (for specific information on 
ANSUR 1988 observer error, see Gordon et al., 1988, pp. 564-592). Measurements were 
defined clearly (both visually and textually, Gordon et al. 1989, pp. 64-563), taken in 
relation to clearly defined landmarks (pp. 20-30), with standard instruments (pp. 9-19).
Selection of Dimensions for Analysis.
The electronic data file of ANSUR 1988 (publicly available from the Crew 
System Ergonomics Information Analysis Center, Wright-Patterson Air Force Base, OH) 
contains an extensive list o f 132 directly measured standard anthropometric dimensions. 
Ten of these dimensions were selected for analysis, using several selection criteria. First, 
dimensions widely applicable to workspace design were chosen, using Moroney and 
Smith (1972) as a guide. Second, dimensions generally were selected that were highly 
correlated with stature (i.e., r > 0.70) as listed in Cheverud (1990a and 1990b), and as 
recommended by Kroemer, Kroemer, and Kroemer-Elbert (1990). In a few cases, 
dimensions were selected only on their merit for workspace design, ignoring their low 
correlations with stature. Finally, dimensions were selected that were believed to be 
sensitive to gender or race differences, such as dimensions that specifically constituted 
the upper body or lower body (which would be sensitive to race differences, in this
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example). The 10 dimensions selected for study and analysis are listed in Table 5,
alongside their respective ANSUR 1988 visual index reference and published ANSUR
1988 male and female stature correlations (Cheverud, 1990a and 1990b). The visual
index illustrations are provided in Appendix B for these 10 dimensions studied.
Table 5. Ten selected dimensions and correlations with stature (based on 1988 
ANSUR data, Cheverud 1990a and 1990b)
Dim ension Visual Index Reference Males r
Females r
1. Acromial Height 2 0.965 0.968
2. Acromial Height, Sitting 3 0.657 0.665
3. Bideltoid Breadth 12 0.389 0.377
4. Buttock-Knee Length 26 0.803 0.744
5. Buttock-Popliteal Length 27 0.774 0.728
6. Eye Height, Sitting 49 0.727 0.748
7. Functional Leg Length 55 0.872 0.847
8. Knee Height, Sitting 73 0.885 0.857
9. Sitting Height 93 0.741 0.755
10. Thumb Tip Reach 106 0.773 0.752
Selection o f ANSUR 1988 Subjects
The electronic ANSUR 1988 data file contains measurements for 3982 US Army 
personnel, including White, Black, Hispanic, Asian/Pacific Islander, American 
Indian/Alaskan, Caribbean, East Indian, Arab, and Mixed/Other race categories. By far, 
Black and White personnel groups taken separately outnumber all other race classes 
combined. Figure 2 illustrates that the 299 persons (125 + 58 + 116) from race classes 
other than Black or White make up only about 7.5% o f the survey sample. Note that for 
simplicity, Figure 2 combines American Indian (n = 26), Caribbean (n = 0), East Indian 
(n = 4), Arab (n = 1), and Mixed/Other (n = 85) subjects into a new, revised Mixed/Other 
category (n =116).
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□ White 
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gjAsian/Pacific Islander 
□  Mixed/Other
Figure 2. Race composition and partitioning of ANSUR 1988 sample
To maintain sufficiently large race samples, races other than Black and White 
were partitioned out of the present study due these other races’ relatively small sample 
sizes. Therefore, data was used from a total o f 3683 ANSUR 1988 subjects (1378 Blacks 
and 2305 Whites, see Figure 2), representing about 92.5% of the total ANSUR 1988 
sample population. Consequently, the stature-based multipliers developed in this thesis 
apply only to Black and White races, although the conclusions regarding the validity of 
the stature-based multiplier prediction technique and gender and race correction may 
generalize beyond the black and white races.
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Sample Composition, Combined Gender+Race. The combined black and white 
sample from ANSUR 1988 consists o f male and female components as illustrated in 
Figure 3. The natural divisions o f gender and race yield groups o f 1168 white males, 457 
black males, 1137 white females, and 921 black females as illustrated in Figure 3.
□  Male Whites 
■  Male Blacks
f
g  Female Blacks 
B Female Whites j
Figure 3. Race and gender composition of thesis sample
Cross-Validation Technique: Calibration/Validation Subject Assignment and Use
Description of Cross-Validation Technique. To validate the stature-based
multiplier prediction technique and determine accuracy improvements from gender and 
race partitioning, a cross-validation technique was employed. Cross-validation 
essentially takes an otherwise unified group, and splits it—randomly—into two groups, 
treating one as a calibration, or reference group, and the other as a validation, or target 
prediction group. Equations are developed in the calibration group and are applied to the 
validation group, and then analyzed for their predictive accuracy and precision within the 
validation group.
Random assignment to calibration or validation group. Each of the four
combined gender+race groups (Figure 3) was randomly divided into calibration and 
validation halves, as illustrated in the four pie graphs o f Figure 4. This division created 
four calibration groups consisting of 584 white males, 229 black males, 569 white 
females, and 461 black females, reflecting the ANSUR 1988 oversampling ratio o f one 
black male for every two black females. Similarly, four validation groups were created 
that consisted of 584 white males, 228 black males, 568 white females, and 460 black
females. This random division into calibration and validation halves was then “locked”
for the remainder o f the data analysis so that a calibration subject could not be re­
designated as a validation subject.
Stature-based multipliers were developed using the calibration groups separately 
and in combination (note that the calibration groups were needed only for the 
development of stature-based multipliers, and no further analyses). Then, the appropriate
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stature-based multipliers could be multiplied by the stature value in the appropriate
validation groups to predict target anthropometric dimensions.
Male Whites
□ 584
□ 584
□  Calibration ! 
^Validation
Male Blacks
a 229
a 228
Calibration 
a  Validation
Female Whites
n 569
® 568
□  Calibration
□  Validation
Female Blacks
a 461
a 460
B Calibration 
B  Validation
L
Figure 4. Division of groups into discrete calibration and 
validation halves
Stature-Based Multiplier Computation Procedure. Calibration Groups.
Multiplier computation is perhaps the most straightforward calculation in the 
present analysis. Essentially, the output desired is a decimal number derived from
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dividing the mean value of the calibration sample’s anthropometric dimension of interest 
by the mean value o f the calibration sample’s stature.
For example, if we desired the stature-based multiplier for acromial height for a 
pool of calibration subjects, we would determine the average value o f both stature and 
acromial height across all calibration subjects. Then, we would simply divide the 
average acromial height value by the average stature value, thus deriving the calibration 
group’s stature-based multiplier for acromial height. In turn, this calibration multiplier 
can be applied to the appropriate validation group for analysis of validity.
The reader should note that an alternate approach for computing multipliers was 
explored and discarded. This approach computes a ratio of dimension-to-stature for each 
subject (i.e., individual stature value is divided into the individual dimension of interest 
value for subject 1, then subject 2, subject 3, and so on). After ratio factors have been 
developed for all subjects, these factors are summed and divided by the number of 
subjects. The accuracy of this latter multiplier computation method was explored in a 
pilot study to determine which multiplier computation method to use for the main 
analyses. However, this latter computation method did not provide multipliers 
substantially different from the former multiplier computation method described above. 
Moreover, the former multiplier computation method was selected as it had precedent 
within the literature, while the latter method was not referenced in any literature
consulted.
Discussion of Multiplier Demographic Partitioning. In all, four categories of 
calibration multipliers were required to explore validation and validation improvements 
via demographic partitioning. These four categories included:
1. All subjects (1 level, all calibration subjects).
2. Specific gender (2 levels, male partitioned and female partitioned subjects).
3. Specific race (2 levels, white partitioned and black partitioned subjects).
4. Specific combined gender+race (4 levels, male + white partitioned, male + black 
partitioned, female + white partitioned, and female + black partitioned subjects).
From the levels of these categories, a total of 9 multipliers were required for each 
of the 10 anthropometric dimensions analyzed. These multipliers were computed using 
only the calibration groups, as illustrated in the top pie halves o f the four panes o f Figure 
4. These 9 calibration group multipliers included:
1. All subjects multiplier (gender and race insensitive): developed from the combination 
o f all four calibration groups, n = 1843.
2. Male multiplier (gender-sensitive): developed from the combination o f the male white 
and male black calibration groups, n = 813.
3. Female multiplier (gender-sensitive): developed from the combination of the female 
white and female black calibration groups, n = 1030.
4. White multiplier (race-sensitive): developed from the combination o f the male white 
and female white calibration groups, n = 1153.
5. Black multiplier (race-sensitive): developed from the combination o f the male black 
and female black calibration groups, n = 690.
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6. Male + white multiplier (combined gender+race sensitive): developed solely from the 
male white calibration group, n = 584.
7. Male + black multiplier (combined gender+race sensitive): developed solely from the 
male black calibration group, n -  229.
8. Female + white multiplier (combined gender+race sensitive): developed solely from 
the female white calibration group, n = 569.
9. Female + black multiplier (combined gender+race sensitive): developed solely from 
the female black calibration group, n = 461.
Ten separate multipliers, one each for the 10 dimensions of interest (Table 5), 
were computed for each o f the 9 multiplier levels (above). After these 90 (i.e., 9 
calibration group multipliers x 10 anthropometric dimensions) multipliers were 
computed, the calibration groups had served their purpose and were not required for any 
further analyses. The appropriate multipliers were then used in the four validation groups 
(as illustrated in the bottom pie halves of the four panes o f Figure 4) for validity analyses.
Application of calibration multipliers to validation groups. The appropriate 
calibration multipliers were applied to the desired validation group by multiplying the 
stature-based multiplier by each validation subject’s stature. From this computation, the 
predicted dimension value was determined, and could be compared with the actual 
dimension value (and any other predicted values derived using alternate multipliers).
For each of the four validation groups for any given anthropometric dimension, 
only four of the nine multipliers were applicable, including the all subjects multiplier 
(always), one o f the two gender multipliers, one of the two race multipliers, and one of 
the four combined gender+race multipliers. For each multiplier category (i.e., gender,
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race, combined gender+race) other than all subjects (which applied to all validation 
groups), the calibration multiplier selected for validation group application had to share 
the highest degree of demographic match with the validation group. For instance, the 
four calibration multipliers applicable to the white male validation group (for any given 
anthropometric dimension) were the all subjects (always applicable), male (highest 
gender similarity), white (highest race similarity), and male white (highest combined 
gender+race similarity).
The following numbered list describes in detail the application o f the nine 
calibration group multipliers to the four validation groups. The multipliers developed are 
obviously dimension specific, and were applied to each subject’s stature to derive 
predicted values (“Pred value”) which can be compared with the actual dimension value 
and other predicted values for each subject in the population. In this manner, the validity 
of the stature-based multiplier prediction technique, and multiplier improvements (from 
demographic partitioning) to the technique may be explored.
1. Male white validation group, n = 584: In this group, the all subjects multiplier, the 
male multiplier, the white multiplier, and the male + white multiplier are multiplied 
by stature to determine their respective predictions (for each dimension). Outputs are 
predicted dimension values for each dimension, for each subject, for each multiplier 
(see Table 6). These predicted dimension values can be compared with the actual 
value or each other. The difference between the actual and the predicted value 
determines if the actual value is validly predicted, and which of the four (all subjects, 
male, white, male + white) multipliers best predicts the actual value. Thus the overall 
validity of the stature-based multiplier technique and gender and race demographic
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improvements for the male white validation group were determined, for each
dimension.
Table 6. Male white validation group anthropometric prediction computation
Dim ension
Actual A ll Subjects
Multiplier
Male
Multiplier
W hite
Multiplier
Male W hite
Multiplier
1. Acrom ial
Height
51
52
Actual value 
Actual value
Pred value
Pred value
Pred value 
Pred value
Pred value 
Pred value
Pred value
Pred value
2.
S584
Acrom ial
Ht. S itting
Actual value Pred value Pred value Pred value Pred value
10. Thum b tip  
Reach
2. Male black validation group, n = 228: In this group, the all subjects multiplier, the 
male multiplier, the black multiplier, and the male + black multiplier are multiplied 
by stature to determine their respective predictions (for each dimension). Outputs are 
predicted dimension values for each dimension, for each subject, for each multiplier 
(see Table 7). As before, these predicted dimension values can be compared with the 
actual value or each other. Comparisons determine if the actual value is validly 
predicted, and which of the four (all subjects, male, black, male + black) multipliers 
best predicts the actual value, thus indicating overall stature-based multiplier 
technique validity and gender and race demographic improvements for the male black 
validation group, for each dimension.
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Table 7. Male black validation group anthropometric prediction computation
Dim ension
Actual A ll Subjects 
Multiplier
Male
Multiplier
B lack
Multiplier
Male B lack 
Multiplier
1. Acrom ia l
H eight
51
52
Actual value 
Actual value
Pred value
Pred value
Pred value 
Pred value
Pred value 
Pred value
Pred value
Pred value
2.
S228
Acrom ia l
Ht. S itting
Actual value Pred value Pred value Pred value Pred value
10. Thum b tip  
Reach
3. Female white validation group, n = 568: In this group, the all subjects multiplier, the 
female multiplier, the white multiplier, and the female + white multiplier are 
multiplied by stature to determine their respective predictions (for each dimension). 
Outputs are predicted dimension values for each dimension, for each subject, for each 
multiplier (see Table 8). These predicted dimension values can be compared with the 
actual value or each other. Comparisons determine if the actual value is validly 
predicted, and which o f the four (all subjects, female, white, female + white) 
multipliers best predicts the actual value, thus indicating overall stature-based 
multiplier technique validity and gender and race demographic improvements for the 
female white validation group, for each dimension.
Table 8. Female white validation group anthropometric prediction computation
Dim ension
Actual A ll Subjects 
Multiplier
Female
Multiplier
W hite
Multiplier
Females W hite
Multiplier
1. Acrom ia l
Height
51
52
Actual value 
Actual value
Pred value
Pred value
Pred value 
Pred value
Pred value 
Pred value
Pred value
Pred value
2.
S568
Acrom ia l
Ht. S itting
Actual value Pred value Pred value Pred value Pred value
10. Thum b tip  
Reach
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4. Female black validation group, n = 460: In this group, the all subjects multiplier, the 
female multiplier, the black multiplier, and the female + black multiplier are 
multiplied by stature to determine their respective predictions (for each dimension). 
Outputs are predicted dimension values for each dimension, for each subject, for each 
multiplier (see Table 9). As before, these predicted dimension values can be 
compared with the actual value or each other. Comparisons determine if  the actual 
value is validly predicted, and which o f the four (all subjects, female, black, female + 
black) multipliers best predicts the actual value, thus indicating overall stature-based 
multiplier technique validity and gender and race demographic improvements for the 
female black validation group, for each dimension.
Table 9. Female black validation group anthropometric prediction computation
Dim ension
Actual A ll Subjects
Multiplier
Female
Multiplier
B lack
Multiplier
Female+Black
Multiplier
1. Acrom ial
Height
51
52
Actual value 
Actual value
Pred value
Pred value
Pred value 
Pred value
Pred value 
Pred value
Pred value
Pred value
2.
S460
Acrom ial
Ht. S itting
Actual value Pred value Pred value Pred value Pred value
10. Thum b tip  
Reach
Summary
A discussion of the ANSUR 1988 survey began this section, followed by an
account of the races and dimensions of interest for this thesis. This section also
addressed partitioning of the ANSUR 1988 population into gender and race groups, and 
further discussed the cross-validation analysis technique and the division of gender and 
race partitioned groups into calibration and validation halves. Multiplier development
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(calibration half) and dimension prediction (validation half) were discussed. Finally, the 
multiplier application and output for each validation group was illustrated. In brief, this 
section has discussed the data setup strategy and its output, upon which analyses were 
performed to accomplish the two purposes o f this thesis— determine the stature-based 
multiplier technique’s prediction validity, and determine validity improvements 
associated with multiplier gender and race partitioning. The results of the validation 
groups’ output analyses are presented in Chapter III, Results, and in Appendix A, using a 
variety o f statistics, analyses, tables, and graphs.
CHAPTER III
RESULTS
Overview
This chapter presents results based on data derived from the calibration group and 
the validation group, with an emphasis on the later. The calibration group results are a 
means to examine validity and possible prediction improvement in the validation group. 
Results presented here include multipliers computed from the calibration group, an 
overview of the validation group prediction results using descriptive statistics (e.g., 
means, standard deviations), and the in-depth results for the male white validation group 
acromial height dimension. The results for the male white validation group acromial 
height dimension are presented here as a model for reading the results from the remaining 
validation groups and anthropometric dimensions (39 others, in all). In-depth results for 
all four validation groups and all 10 dimensions may be found in Appendix A of this 
document. Chapter IV, Discussion, interprets novel, interesting, or explanatory results 
across the four validation groups and the 10 anthropometric dimensions studied. These 
interpretations are made with reference to the two purposes o f this thesis (validating the 
stature-based multiplier prediction technique and determining improvements from gender 
and race partitioning).
Calibration Group Results
The first step in the process of predicting, validating, and improving 
anthropometric multiplier information was to derive the multipliers for the nine
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calibration groups for each of the ten dimensions, using the method discussed in Chapter 
II. The results of this derivation yielded a 10x9 grid (Table 10). Each cell’s number 
represents the average ratio o f the indicated anthropometric dimension to stature for each 
of the calibration groups. For instance, in the first data cell, the average ratio of acromial 
height to stature is 0.820, for the all subjects calibration group. This number was derived 
using the procedure illustrated in Table X o f Chapter II (Method). To recap briefly for 
the acromial height dimension, first, every subject’s acromial height measurements were 
added and then averaged (by dividing by the total number o f subjects). Next, every 
subject’s stature measurements were added and averaged (again, by dividing by the total 
number o f subjects). Finally, the acromial height average was divided by the stature 
average to derive the final multiplier. For each of the remaining calibration groups and 
the remaining anthropometric dimensions, this procedure was repeated using only those 
subjects (e.g., male whites) contained within a given calibration group (and replacing 
“acromial height,” as discussed above, with the dimension o f interest).
Table 10. Calibration group multipliers
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A ll Subjects 0.820 0.340 0.272 0.357 0.291 0 452 0.619 0.318 0.521 0.454
Gender
Male 0.822 0.340 0.280 0.352 0.286 0.451 0.617 0.319 0.520 0.456
Female 0.819 0.341 0.265 0.362 0.296 0.453 0.621 0.317 0.523 0.451
Race
White 0.819 0.345 0.272 0.352 0.286 0.458 0.613 0.314 0.528 0.448
Black 0.821 0.332 0.272 0.366 0.299 0.443 0.631 0.323 0.511 0.463
Cmb. Gender+Race
White Male 0.821 0.344 0.279 0.348 0.282 0.455 0.612 0.316 0.525 0.452
Black Male 0.824 0.331 0.282 0.360 0.293 0.439 0.629 0.325 0.508 0.467
White Female 0.817 0.348 0.264 0.356 0.290 0.461 0.613 0.312 0.531 0.443
Black Female 0.820 0.333 0.266 0.369 0.302 0.444 0.631 0.322 0.513 0.461
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Once all of the multipliers were calculated for each o f the nine calibration groups, 
these groups were not analyzed further. Rather, the calibration groups’ stature-based 
multipliers were applied as appropriate to the validation groups for the purpose of 
validation and exploration of prediction improvements.
Overview of Validation Group Results
When the stature-based multipliers were applied to the four validation groups 
(white male, white female, black male, black female), each validation subject received 4 
predicted values based on subject stature multiplied by 4 multipliers—all subjects, 
appropriate gender, appropriate race, and appropriate race + gender— for each o f the 10 
dimensions. Therefore, for any given validation group, only four o f the nine calibration 
group multipliers applied at once. To clarify, each o f the validation groups used the all 
subjects multiplier, used one o f two gender multipliers, one o f two race multipliers, and 
one o f four combined gender+race multipliers, for a total of four applicable multipliers. 
For instance, the male white validation group used the all subjects, male (gender), white 
(race), and male white (combined gender+race) multipliers for predictions. The rule for 
application from calibration group to validation group, then, is that the highest degree of 
demographic match must exist at the gender, race, and combined gender+race levels.
Once computed, the predicted values were explored, both broadly at a top-level, 
and in detail across gender and race groups, dimensions, and percentiles. Table 11 
provides the mean and standard deviation statistics for the actual and multiplier-predicted 
values for all four validation groups and all ten dimensions.
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This top-level view provides initial results relevant to the main purposes of this 
thesis, and provides a framework for discussing in-depth results. Standard deviation 
results will be discussed first, followed by a discussion of mean results.
The standard deviation values in Table 11 show two trends. First, as might be 
expected, the closeness of the predicted standard deviations to the actual standard 
deviation varies with the validation group explored and the anthropometric variable of 
interest. At one extreme, viewing the female white validation group and the sitting height 
dimension, we find that the predicted standard deviation values and the actual value are 
quite close (within 1mm). However, at the other extreme, the predicted standard 
deviation within the male black validation group, of the functional leg length dimension 
varies from the actual standard deviation by 10-11 mm.
Secondly, and perhaps more importantly, is the trend of predicted standard 
deviations to gravitate toward each other than to track the actual standard deviation. 
Notice that all predicted standard deviations in Table 11—for a given validation group 
and anthropometric dimension— are either identical or within one millimeter o f one 
another. Note that no single multiplier—all subjects, gender, race, race + gender— 
consistently allows for a more accurate standard deviation over another single multiplier
in reference to the actual value.
In most cases, the predicted standard deviations fall short o f the actual standard 
deviation. This result indicates that the actual anthropometric values in the ANSUR 1988 
population sample vary more than the predicted values. In general, then, the predicted 
values for a given dimension remained closer to the dimension’s mean value than the
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dimension’s actual values, indicating more variability in actual values than could be 
accurately predicted with stature-based multipliers.
Viewing the mean values across validation groups and dimensions, however, 
provides some insight on the differences between the four predictors. Simply stated, the 
mean predicted values demonstrate a trend toward higher accuracy with race and gender 
partitioning. When the predicted values are compared with the actual values (across all 
groups and all dimensions), the results clearly favor gender and race partitioning, as 
illustrated in Table 12. Minimum error values (the difference between the actual mean 
and a predicted value mean) are not improved (all values are 0), but maximum values 
improve from 25 mm error with the all subjects multiplier to 4 mm error with the 
combined gender+race multiplier. Note also the improvements in absolute mean error, 
and standard deviation of errors between actual and predicted values (i.e., the variation of 
the error decreases around a more accurate mean error).
Table 12. Difference between actual mean and predicted mean values 
contained in Table 11: Selected summary statistics
Statistic (mm)
Difference Between Actual Value and Predicted Value using
All Subjects
Predictor...
Gender Race
C. Gender + 
Race
Maximum 25 23 14 4
Minimum 0 0 0 0
Absolute Mean Error 10.8 9.6 5.38 1.25
It should be emphasized here, however, that these summary statistics are only 
relevant to mean actual and predicted values, as characterized in Table 11, and thus lack 
sufficient resolution. Moreover, Table 12’s summary statistics cut across all validation 
groups and all dimensions. While this helps to synthesize results relevant to predictor 
improvement via gender and race partitioning, it also simultaneously ignores the richness
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of detail found by exploring the validation groups and the ten anthropometric dimensions 
separately. In light of this, results that follow discuss in-depth the results for the male 
white validation group and the acromial height dimension. Similar results for the 
remaining validation groups and anthropometric dimensions may be reviewed in 
Appendix A; the results presented here from the acromial height dimension are intended 
to serve as a model or template for reviewing results contained in Appendix A and 
discussed in Chapter IV.
In Depth Results: Acromial Height Dimension, Male White Validation Group
A number o f statistical and graphical techniques were employed to explore in- 
depth the hypotheses regarding (1) stature-based multiplier prediction method validity 
and (2) accuracy improvements from race partitioning. These techniques were used 
consistently across the four validation groups (male whites, male blacks, female whites, 
and female blacks) for each o f the ten variables, and are presented here as they relate to 
the male white validation group and the acromial height dimension.
Validation of multipliers. The key result of this study relates to mathematical law 
and individual variability in human dimension combinations. It must be stressed that 
when applied to the validation group, none of the stature-based multipliers accurately 
predicts individual differences in acromial height. Figure 5 plots the actual value of 
acromial height (dotted jagged line) as a function of increasing stature for the male white 
validation group (note that this type of graph is not used in Appendix A for other 
validation groups or dimensions, but is illustrated here to provide a “feel” for the type of 
results yielded by the stature-based multiplier prediction method). None of the prediction 
equations (plotted as the smooth s-curves that underlie the jagged line) tracks the true
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value consistently. Rather, they parallel each other as they smoothly track the predicted 
acromial height from the shortest stature to the tallest (although not fully apparent due to 
the resolution of Figure 5).
A /7
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Figure 5. Acromial height actual values (dotted jagged line) and predicted values 
(smooth parallel lines) for increasing stature, male white validation group; legend 
indicates stratified order of lines
The Pearson correlation between any two of the four prediction lines is the same 
at 1.000 (perfect). Perhaps more striking is the fact that the correlation between stature 
and the actual value for acromial height (0.965) is exactly the same as the correlation 
between any one of the four predicted acromial height values and the actual acromial 
height value. This is not surprising, as the predicted acromial height value is in reality
just an extension of stature (i.e., stature multiplied by a constant in the case o f each 
multiplier). This also explains the parallel tracking of the predicted values.
Overall accuracy. The actual value zigzags around the predicted values, but by 
how much? Given the parallel prediction lines, there is the chance that one o f the lines is 
closest to a “smoothed” representation of the actual value, indicating that one multiplier 
is, on average, more accurate than the others. However, for acromial height, correcting 
the multiplier for gender and race does not appreciably improve the accuracy of the 
prediction. Figure 6 illustrates the overall 95% confidence intervals for each o f the 
acromial height prediction multipliers. The prediction o f the actual acromial height 
mean, in general, was off by more than 10 mm, ranging from 12 to 15 mm. All o f the 
confidence intervals overlap one another extensively, indicating no better prediction from 
gender and race partitioning.
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Figure 6. 95% confidence intervals for male white validation group 
acromial height
The overall accuracy of the four predictors can be viewed another way, with 
reference to the percent o f the male white validation group falling into a particular error 
frequency. Table 13 provides this illustration. The percentage of the sample predicted 
within an error range (e.g., less than or equal to 5mm) is provided by validation group 
(e.g., male white) and multiplier (e.g., all subjects). Simply stated, Table 13 indicates the 
percentage of individuals predicted within an error range. To show a clear superiority of 
one prediction multiplier over the others, we would expect to see larger percentages of 
the population residing within lower error intervals (for the superior multiplier). The 
results in Table 13 do not show this trend, and the “better” predictor varies across the 
error intervals, so much that the “best” predictor cannot be distinguished. Moreover, for
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any given error interval, the percentage of the population contained is so close that the
“best” predictor is again difficult to identify.
Table 13. Cumulative percentage frequency distribution of the 
difference between actual and predicted values of acromial 
height for the male white validation group
Male Whites (n = 584) - Acromial Height
Cumulative % at or below error value
All Subjects Male White Male White
< 5 21.58% 22.43% 21.58% 21.92%
< 10 44.01% 45.21% 43.49% 44.86%
<15 62.16% 61.82% 62.33% 61.47%
<20 77.40% 78.42% 77.05% 78.08%
<25 87.33% 87.16% 86.99% 87.16%
<30 93.15% 93.84% 91.95% 94.18%
<35 97.09% 96.92% 96.92% 96.75%
<40 98.29% 98.63% 98.12% 98.46%
< 45 99.14% 99.49% 98.63% 99.32%
<50 99.66% 99.83% 99.66% 99.83%
More 100.00% 100.00% 100.00% 100.00%
Accuracy as a function o f acromial height percentile. While offering some 
indication of the magnitude and cumulative frequency o f prediction errors, the overall 
error cumulative percentage frequency distribution (Table 13) does not indicate what 
factors may be associated with higher errors (e.g., percentile placement, such as an 
individual with 5th percentile or 95th percentile acromial height). Moreover, the overall 
confidence intervals (Figure 6) do not tell the whole story, and can easily be too 
simplistic. Predicting to the actual acromial height population mean within ‘A inch (=13 
mm) is very different than forecasting 95% of the individuals within % inch. Moreover, 
overall confidence intervals fail to tell us where in the population the higher errors occur, 
and which direction (sign) they involve. Does the error represent an over-prediction, or 
an under-prediction? An examination of Figure 7 will help us understand these data.
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Here the sample of 584 white males in the validation group is broken into sub-groups at 
5th percentile increments o f actual acromial height, and error values (the difference from 
the predicted to the actual value) are averaged for each of the sub-groups, while 
maintaining sensitivity to sign (- and +, indicating under-prediction and over-prediction 
relevant to actual, respectively). Note that the x-axis has changed from “increasing 
stature” in Figure 5 to “increasing acromial height” in Figure 7. Subsequent figures and 
results in Appendix A are all arranged by percentile range for the actual value of the 
dimension of interest rather than by stature. Notice how the predicted values first over­
predict at the low actual values o f acromial height, cross over at the mid-percentiles, and 
then under-predict at the high percentiles o f actual acromial height.
Acromial Height Mean Error, Male Whites
All Subjects 
; Male
White 
Male White
Figure 7. Acromial height mean error, white male validation group
Yet the analysis is still incomplete. Figure 7 does not account for the magnitude 
o f errors, as the arithmetic mean is computed by using both positive and negative error 
values. For instance, if  within the 45th-50th percentile range, the person at the 47th
percentile has an associated prediction error of +20 mm and the person at the 48th 
percentile has an error of -20  mm, the errors will exactly cancel each other out when 
averaged. Hence, Figure 7 represents smoothed error trend, rather than an accurate 
representation of error magnitude. Figure 8 and Table 14, which are based on the 
absolute error values, help to clarify the magnitude and placement of errors present. 
Figure 8 is based upon the absolute mean error columns in Table 14. In Appendix A, the 
absolute mean error figures stand in place of the absolute mean error table columns 
(provided here for simplicity, that replicate data between Table 14 and Figure 8). On 
average for acromial height, most errors are between 10-15 mm, though the error 
increases toward the low and high percentiles, and seems to decrease at the mid- 
percentiles, creating a subtle “U” shape (see Figure 8).
Acromial Height Absolute Mean Error, Male Whites
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Figure 8. Acromial height absolute mean error, male white validation group
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Moreover, maximum errors frequently range from 20-40 mm, with some 
maximum errors in the 50-60 mm range (typically at the higher percentiles) as shown in 
Table 14. These maximum values help to demonstrate some of the extensive individual 
variation across the population. Error standard deviation also tends to increase toward 
the lower and higher percentiles (particularly toward the higher), and varies across the 
population. Minimum values, on the other hand, stay close to 0mm, ranging from 0-
4mm.
Table 14. Acromial height prediction error summary statistics, male white 
validation group.
Absolute mean error 
(mm)
Standard deviation 
(mm)
Minimum error 
(mm)
Maximum error 
(mm)
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0-5 16 18 15 17 9 10 9 10 0 1 1 0 35 38 34 37
5-10 13 15 13 14 9 9 9 9 1 0 1 1 32 35 31 34
10-15 11 12 10 11 9 9 8 9 0 2 1 0 34 36 32 35
15-20 11 12 10 11 8 8 8 8 1 1 0 1 29 28 30 28
20-25 12 12 11 12 8 9 8 9 0 0 1 1 31 33 30 32
25-30 14 15 13 14 8 9 7 8 2 0 0 1 35 37 33 36
30-35 10 11 10 11 8 8 8 8 1 0 0 1 28 31 27 30
35-40 14 14 13 14 9 10 9 9 1 1 0 0 30 31 32 29
40-45 8 7 8 7 5 5 5 5 0 0 1 0 19 18 20 18
45-50 9 9 9 9 8 9 8 9 0 0 1 0 38 35 39 36
50-55 12 11 12 11 8 8 8 8 0 0 1 0 31 31 32 30
55-60 13 12 13 12 7 7 8 7 1 0 2 1 29 26 30 27
60-65 11 11 12 11 9 10 9 9 1 0 1 0 36 38 34 37
65-70 16 15 17 15 12 11 12 12 0 1 1 0 55 52 56 54
70-75 14 14 14 14 9 9 10 9 2 4 0 3 34 32 36 33
75-80 15 14 15 14 10 9 11 10 2 0 0 1 48 45 50 47
80-85 15 14 16 15 14 13 14 13 0 1 1 0 51 48 53 50
85-90 15 13 16 14 9 8 9 8 1 1 0 2 33 30 35 32
90-95 18 16 19 17 12 11 12 12 2 1 1 0 45 42 47 44
95-100 24 21 25 22 12 12 12 12 1 2 3 0 47 45 49 46
Figure 9 further illustrates the magnitude of errors over percentiles o f actual 
acromial height, providing higher resolution than Figure 6. Toward the low and high
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percentiles, the confidence interval’s mean error (indicated by a square or a circle) 
increases, while the confidence interval’s variation also tends to increase. Conversely, in 
the middle percentiles, both the mean error and the variation are smaller. Figure 8 also 
demonstrates this effect. Overall, Figure 9 demonstrates the greater prediction errors and 
variability associated with extreme (high and low) values of actual acromial height; these 
important data were not accessible in Figure 6. Interestingly, Figure 9 also illustrates that 
the multipliers that predict best at the low percentiles—that is, the all subjects and white 
multipliers (as indicated by the squares)— predict worse at the high percentiles than the 
male and male white multipliers (as indicated by the circles). In effect, the relative 
accuracy of the predictors is transposed at the extremes, crossing somewhere near the 
mid-percentiles. Note that this same effect is also illustrated in Figure 8.
50
Real Acromial Height Percentile Range
Figure 9. 95% confidence intervals by 5-percentile ranges for white 
male acromial height
The results presented here have demonstrated the importance of viewing the 
validation group data, for all ten variables, from a variety o f perspectives. We turn our 
attention now to interpreting the results of the validation groups (presented here and in 
Appendix A) to explore the meaning relevant to the two purposes of this thesis, 
determining the validity of the stature-based multiplier prediction technique and 
identifying improvements in prediction facilitated by gender and race partitioning. This 
interpretation of novel, interesting, and explanatory results for each anthropometric 
dimension is presented in Chapter IV, Discussion.
CHAPTER IV
DISCUSSION
Overview
The results from Chapter III and Appendix A are discussed in this section. These 
interpretations explain the results in terms of the two major questions (or purposes) of 
this thesis: (1) is the stature-based multiplier prediction technique valid, and (2) can 
validity be improved via gender and race partitioning? Since the adequacy o f the validity 
is in the eye o f the data user, and is dependent upon the need for accuracy, discussions of 
validity are in relative terms (e.g., relative validity differences between two dimensions 
studied). Throughout the discussion, the approximate 1-inch error level (25mm) provides 
a benchmark for validity with respect to tables providing information on the percentage 
of the sample predicted.
Novel, interesting, and explanatory results are discussed for each o f the 10 
dimensions separately, using the same order o f dimensions found throughout the body 
and Appendix A of this thesis. This discussion begins with interpretations on acromial 
height results.
Acromial Height
Overall, analyses o f acromial height (Visual Index 2) predictions revealed the 
constrained validity o f the stature-based multiplier prediction technique when predicting 
the dimension’s actual mean value, the limitations o f the technique when predicting the 
acromial height o f individuals, and no meaningful improvements in prediction error with
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gender and race partitioning. Predictions o f mean 5-percentile range values for the 
acromial height variable were neither very accurate or very inaccurate, with mean errors 
(for 5 percentile ranges) generally remaining between 10mm and 25 mm (approximately 
% inch to 1 inch) for all four validation groups and all four multipliers. All multipliers 
over-predicted at the lower percentiles and under-predicted at the higher percentiles (see 
the mean error figures, Figure 18, Figure 22, Figure 26, and Figure 30), maintaining the 
highest accuracy at the mid-percentiles. When viewed in 5 percentile ranges, the 95% 
confidence intervals were larger and had slightly higher mean values toward the 
percentile extremes (see the 95% Confidence Interval, Percentile graphs, Figure 21,
Figure 25, Figure 29, and Figure 33). Acromial height predictions were most valid at the 
mid-percentiles and least valid at the extreme percentiles. In general, validity o f the 
technique in predicting for the individual is low, with maximum individual errors often 
ranging from 20-50 mm across validation groups and multipliers.
O f the four validation groups, the male black group tended to display higher 
errors and more variability, as illustrated in the mean error, absolute mean error, and 
summary statistics charts (Figure 22, Figure 23, and Table 35, respectively). This could 
be due to a smaller sample used for deriving the calibration multipliers for the male black 
group (n = 229), while other groups had between 460 and 584 subjects.
Overall 95% confidence intervals suggested that the prediction technique would 
often yield nominal half-inch errors when predicting the population mean in the four 
validation groups—male whites (12-15 mm error), male blacks (13-17 mm error), female 
whites (11-13 mm error), and female blacks (11-14 mm error) (see Figure 20, Figure 24, 
Figure 28, and Figure 32 respectively). In each of the four validation groups, the overall
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confidence intervals for the four multipliers overlapped so extensively that no single
multiplier could be identified as the “best” predictor o f the actual mean population value
of acromial height. This finding was confirmed from frequency distributions of error (see
Table 15 and cumulative % tables, Table 34, Table 36, Table 38, and Table 40).
Table 15. Percentage of acromial height values predicted within 0-25mm of actual 
value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 87.31% 87.16% 86.99% 87.16%
Male Blacks 81.58% 82.89% 82.89% 82.46%
Female Whites 89.79% 91.02% 89.96% 91.02%
Female Blacks 88.26% 89.13% 89.13% 88.48%
In general, 80-90% of the validation group had errors o f 25 mm or less (male 
whites - 87%, male blacks - 82%, female whites - 90%, and female blacks - 88%).
Within any validation group, the four multipliers predicted frequency distributions within 
1-2% of each other for any given error range, again demonstrating the comparable 
prediction accuracy of the four multipliers.
Acromial Height Sitting
Acromial height sitting (Visual Index 3) analyses demonstrated the inaccuracy 
characteristic of individual prediction, but better prediction (although still not predicting 
within 10mm) to the population mean. Most importantly, however, the dimension 
analyses illustrated prediction improvements made possible with gender and race 
partitioning. The two major trends found with the stature-based multiplier prediction 
technique, (1) over- to under-prediction with increasing percentile range and (2) a “U”- 
shaped percentile range absolute mean error distribution, were apparent in each of the 
validation groups. Absolute mean prediction errors were higher than those found with
acromial height across all four validation groups, but the results clearly showed 
differences in prediction errors among the four multipliers.
The first indication of a “better” of the four multipliers is evident from an 
examination of the mean error and absolute mean error graphs o f acromial height sitting 
(for an example from the male black group, see the mean error graph in Figure 10; see 
Figure 34, Figure 35, Figure 38, Figure 39, Figure 42, Figure 43, Figure 46, and Figure 
47 for all graphs). Notice how the vertical separation of error lines among multipliers in 
Figure 10 forms close groupings between all subjects/male predictions, and black/male 
black predictions. Moreover, the black/male black prediction lines track closer to zero 
error than the all subjects/male predictions. These multiplier error separations are evident 
in all four validation groups, and become more evident when the graphs from acromial 
height sitting are compared with those from acromial height (compare Figure 10 and 
Figure 11). The meaning o f these prediction error line separations can be interpreted first 
from the overall 95% confidence interval graphs (Figure 36, Figure 40, Figure 44, and 
Figure 48).
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Actual Acromial Height Sitting Percentile Range
♦ All Subjects
Male
Black
M ale Black
Figure 10. Prediction lines are distinctly separated and grouped, all subjects 
with male, and black with male black (acromial height sitting mean error, 
male blacks)
Figure 11. Prediction lines are closely spaced together, with little
differentiation between multipliers (acromial height mean error, male blacks)
An examination of these graphs reveals that the means for the male white and 
female white validation groups have approximately 3 mm less error when the race and 
combined gender+race multipliers are used. The male black and female black validation 
groups show about 6mm less error when the race and combined gender+race multipliers
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are used to predict population means. In addition, when predicting to the individual, 
more of the population was more often accurately predicted using the combined 
gender+race multipliers rather than multipliers that were not sensitive to both race and 
gender. Table 16 illustrates that the combined gender+race prediction includes about 2% 
more o f the population for male whites, 15% more for male blacks, 3% more for female 
whites, and 11% more for female blacks than the all subjects or gender predictions.
Table 16. Percentage of acromial height sitting values predicted within 0-25mm of 
actual value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 78.77% 77.91% 81.34% 81.16%
Male Blacks 59.65% 61.84% 73.25% 74.56%
Female Whites 76.58% 78.52% 81.16% 81.16%
Female Blacks 72.39% 71.96% 83.26% 83.04%
Why were the racially-based multipliers more accurate in all o f the validation
groups? Acromial height sitting is a race-related dimension. If the human body is 
divided into upper and lower halves at roughly the waist, blacks will generally be 
proportionately longer in the lower body than whites, who will generally be 
proportionately longer in the upper body. Unlike the acromial height dimension, which 
combines upper and lower body, acromial height sitting remains sensitive to the racially- 
related human proportions.
Another explanation, particularly relevant to the black validation groups, is that 
these groups were under-represented in the calibration sample. For instance, the male 
gender multiplier was based upon 584 white males, but only 229 black males. Therefore, 
this multiplier would expectedly predict better to whites than blacks, even though it was 
not specifically racially partitioned, because whites constituted a larger proportion of the
calibration sample. This finding suggests the importance of developing prediction 
multipliers that are racially sensitive.
Bideltoid Breadth
The exploration of bideltoid breadth (Visual Index 12) predictions presents an 
opportunity to determine how well vertical dimensions (e.g., stature) can predict 
horizontal dimensions (e.g., bideltoid breadth). While every other dimension explored in 
this study is a vertical component of the body, bideltoid breadth is the unique horizontal
dimension.
For all four validation groups, the gender, and combined gender+race multipliers 
predict the actual population mean the best, as illustrated in the 95% Confidence Interval, 
Overall graphs (Figure 52, Figure 56, Figure 60, and Figure 64). This finding is 
consistent across all validation groups. In general, males tend to have broader shoulders 
than females, and vis-versa; thus, multipliers sensitive to this gender difference predict
better.
Unfortunately, predictions of.bideltoid breadth are not especially accurate, even 
when using the gender-sensitive multipliers. Systematic overprediction at low percentiles 
and underprediction at high percentiles is very pronounced (as illustrated in mean error 
graphs, Figure 50, Figure 54, Figure 58, and Figure 62), creating a prominent “U” shape 
on the associated absolute mean error graphs. This U shape can also be found on the 
95% confidence interval, percentile graphs, where the mean of extreme percentiles using 
the all subjects multiplier can only be predicted within 2 inches (50mm)—not to mention
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individual errors.
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At best, about 75% of individuals might be included in a prediction accurate 
within an inch (about 25 mm), for female whites and blacks when using gender-sensitive 
equations (see Table 17 and cumulative % graphs, Table 54 and Table 56). For white and 
black males, the percentage drops below 70% with the gender-sensitive predictors, at the 
0-25 mm error level. It is not until errors approach 50mm (2 inches) that 95% o f the 
population can be accounted for.
Table 17. Percentage of bideltoid breadth values predicted within 0-25mm of actual 
value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 60.10% 67.29% 60.45% 67.47%
Male Blacks 61.84% 68.42% 62.72% 68.42%
Female Whites 62.85% 75.00% 62.85% 76.76%
Female Blacks 69.78% 74.13% 70.00% 73.91%
In general, bideltoid predictions display many of the same problems o f other 
dimension predictions, but are more pronounced. This error prominence is likely related 
to a weak correlation o f stature with bideltoid breadth (for the validation group actual
values of stature and bideltoid breadth, the correlations are: male white, 0.41; male black,
0.38; female white, 0.37; female black, 0.33).
Buttock-Knee Length
Buttock-knee length errors (Visual Index 26) are difficult to characterize, except 
at a broad level. As would be expected with the stature-based multiplier prediction 
technique, individual prediction is generally poor, with 9-15% (depending on the 
validation group) of the population experiencing prediction errors in excess o f 25 mm, 
using the best prediction (see Table 18 and cumulative % tables, Table 58, Table 60, 
Table 62, and Table 64). The best predictions were afforded by the combined
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gender+race multipliers, although it is unclear what demographic variables contributed
the most to accurate predictions.
Table 18. Percentage of buttock-knee length values predicted within 0-25mm of 
actual value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 71.40% 86.47% 86.13% 88.36%
Male Blacks 89.47% 85.53% 76.75% 91.23%
Female Whites 87.32% 79.93% 82.92% 87.32%
Female Blacks 61.74% 75.43% 83.48% 86.30%
95% confidence interval, overall graphs (see Figure 68, Figure 72, Figure 76, and 
Figure 80) did not display consistent patterns among validation groups— in some cases, 
the all subjects multiplier was a good as the combined gender+race multiplier at yielding 
the best prediction o f the population mean (as in the male black and female white 
validation groups). However, in the other two validation groups, the all subjects 
multiplier provided the worst prediction. Across all validation groups, the combined 
gender+race prediction provided the most accurate prediction, in general.
While most predictions using the stature-based multiplier technique form a U 
shape in absolute mean error, the black female validation group was the notable 
exception to this pattern (see the absolute mean error graph, Figure 79). In this case, 
predictions were best for the lower percentiles, and got worse toward the extreme upper 
percentiles. The female black (combined gender+race) multiplier, however, remained 
about or below the 20mm line, even as the other predictions exceeded this value.
Buttock-Popliteal Length (Sitting)
Buttock-popliteal length (Visual Index 27), which measures to the posterior 
surface of the knee rather than the anterior surface (as buttock-knee length), demonstrated
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error patterns strikingly similar to buttock-knee length (with which it correlates between 
0.96 and 0.97). For any given validation group (e.g., male white), buttock-popliteal and 
buttock-knee mean error and absolute mean error graph prediction lines are stratified in 
similar order, and moved in similar directions (for instance, compare Figure 66 with 
Figure 82, and Figure 67 with Figure 83). Moreover, 95% confidence interval, overall 
graphs share similar multiplier stratification (for instance, compare Figure 68 and Figure 
84). Note especially, in Figure 95, the manner in which female black predictions are 
again most accurate at the lower percentiles and least accurate at the higher percentiles.
Although no generalizations across validation groups can be made on the 
demographic variables most associated with accurate predictions, it is noteworthy that the 
same systematic errors occurring with buttock-knee length also occur with buttock- 
popliteal length. This is attributable to the component relationship and the correlations 
between the dimensions. Buttock-popliteal length measures to the anterior surface of the 
knee while buttock-knee length measures to the posterior surface; thus the former is a 
component of the latter. The correlations for the validation group actual values of 
buttock-knee length and buttock-popliteal length are: male white, 0.97; male black, 0.96; 
female white, 0.96; female black, 0.96. Were we to choose only one multiplier to use 
with all four validation groups, the combined gender+race multiplier is the clear winner. 
This can be confirmed from overall 95% confidence interval graphs (Figure 84, Figure 
88, Figure 92,and Figure 96), the 25mm summary information in Table 19, and 
cumulative % tables (Table 66, Table 68, Table 70, and Table 72).
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Table 19. Percentage of buttock-popliteal length values predicted within 0-25mm of 
actual value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 74.66% 88.18% 86.64% 90.07%
Male Blacks 91.67% 85.96% 77.63% 92.11%
Female Whites 88.91% 83.45% 85.04% 88.91%
Female Blacks 62.83% 77.17% 85.00% 87.39%
Eve Height, Sitting
In comparing the similarity between dimensions, eye height sitting (Visual Index 
49) might be best compared to acromial height sitting, as both dimensions roughly 
constitute the upper body (for the validation group actual values o f eye height sitting and 
acromial height sitting, the correlations are: male white, 0.85; male black, 0.84; female 
white, .85; female black, .84). As with acromial height sitting, we might logically expect 
that eye height sitting would be best predicted by multipliers that are sensitive to the race 
differences between upper and lower body dimensions. The results (Table 73-Table 80 
and Figure 98-Figure 113) support this expectation, particularly with respect to the male 
black and female black validation groups, where overall 95% confidence interval graphs 
(see Figure 104 and Figure 112) clearly show better prediction of the population mean 
with the use of the race and combined gender+race multipliers. Although improvements 
in the male white and female white groups are less prominent, better predictions of the 
population mean are obtained with race and race + gender multipliers (see Figure 100 and 
Figure 108).
These two multipliers tend to group together in the graphs o f mean error and 
absolute mean error (see Figure 98, Figure 99, Figure 102, Figure 103, Figure 106, Figure 107, 
Figure 110, and Figure 111). Male black and female black validation groups especially
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emphasize this grouping, with the race and race + gender multipliers very evidently 
separated from each other.
To predict individual actual values within 25 mm, the race and race + gender 
multipliers accurately predicted more of the population than the all subjects or gender 
multipliers in all four groups—male white (1-3% more), male black (15-20% more), 
female white (3-7% more), female black (7-11% more). See Table 20 for a summary, 
and the cumulative % tables (Table 74, Table 76, Table 78, and Table 80) for a full 
picture of this improvement.
Table 20. Percentage of eye height sitting values predicted within 0-25mm of actual 
value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 75.51% 73.63% 75.34% 76.88%
Male Blacks 54.39% 59.65% 74.56% 75.00%
Female Whites 74.65% 77.82% 82.57% 81.16%
Female Blacks 72.17% 68.26% 79.78% 79.35%
In general, eye height sitting is better predicted by racially sensitive multipliers, 
because the dimension itself is closely tied to race. Black validation groups showed 
greater improvements with race and race + gender multipliers than did white groups 
because blacks, as discussed previously, were underrepresented in the calculation of the 
all subjects and gender multipliers.
Functional Leg Length
As was expected, functional leg length (Visual Index 55), a lower body 
dimension, was a racially-sensitive measure. It is interesting to note that even as the 
racially sensitive multipliers (race and combined gender+race) provide the best 
predictions in all four validation groups (see overall 95% confidence interval graphs—
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Figure 116, Figure 120, Figure 124, and Figure 128— and cumulative % tables—Table 
82, Table 84, Table 86, and Table 88), these multipliers facilitate more accurate 
prediction by forecasting shorter leg length in whites and longer leg lengths in blacks 
when compared with white and male white multipliers. The mean error figures (Figure 
114, Figure 118, Figure 122, and Figure 126) confirm this trend. With the two white 
groups, race and combined gender+race predictions are arranged below the all subjects 
and gender predictions and are more accurate. In the two black groups, the race and 
combined gender+race predictions are arranged above the all subjects and gender 
predictions and are more accurate. The net effect is that functional leg length is better 
predicted by multipliers that are racially sensitive.
Table 21. Percentage of functional leg length values predicted within 0-25mm of 
actual value by validation group and multiplier
Percentage of Sample with Error < 25mm for Multiplier
Validation Group All Subjects Gender Race C. Gender + 
Race
Male Whites 66.78% 71.23% 73.97% 74.14%
Male Blacks 67.54% 60.96% 75.44% 75.88%
Female Whites 68.66% 66.02% 70.77% 71.48%
Female Blacks 57.39% 59.57% 76.74% 77.17%
Note again, however, that prediction of individual and population mean values is 
poor, with general over-prediction at low percentiles and under-prediction at high 
percentiles. Note also that black validation groups tend to show higher errors toward the 
higher percentiles, as illustrated on absolute mean error graphs (Figure 119 and Figure 
127).
Knee Height. Sitting
Knee height sitting (Visual Index 73) was among the best-predicted o f any 
dimension included in this study (with more than half of the sample having less than a
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10mm error), with all four multipliers and in all four validation groups. In isolation, knee 
height sitting could be used to demonstrate the validity o f the stature-based multiplier 
prediction technique.
Population means of knee height sitting were better predicted with race and 
combined gender+race multipliers as were cumulative % frequencies (see overall 95% 
confidence interval graphs—Figure 132, Figure 136, Figure 140, and Figure 144— and 
cumulative % tables— Table 90, Table 92, Table 94, and Table 96). Although percentile 
95% confidence interval graphs (provided on the same pages as the overall 95% 
confidence graphs) showed some elevations at lower and particularly higher percentiles, 
individual values o f knee height sitting were still predicted reasonably well. In all four 
validation groups, 95% of the population was predicted within an inch (25 mm, see Table 
22 and cumulative % graphs in Appendix A).
Table 22. Percentage of knee height sitting values predicted within 0-25mm of 
actual value by validation group and multiplier
Percentage of Sample with Error < 25mm for Multiplier
Validation Group All Subjects Gender Race C. Gender + 
Race
Male Whites 96.58% 95.03% 96.75% 97 09%
Male Blacks 85.53% 89.04% 95.18% 97.81%
Female Whites 92.61% 93.49% 96.83% 96.83%
Female Blacks 94.35% 92.83% 96.09% 96.74%
In general, all predictions were fairly accurate, although best when race was 
included. Knee height sitting seems to be related to stature, low in variability (and thus 
predictable via a single multiplier), and sensitive to race (and gender). The correlations 
for the validation group actual values of knee height sitting and stature are: male white, 
0.91; male black, 0.91; female white, 0.89; female black, 0.89.
65
Sitting Height
Sitting height (Visual Index 93), as eye height sitting and acromial height, 
demonstrated a sensitivity toward race. This sensitivity (as an upper body dimension) is 
illustrated in the overall 95% confidence interval graphs (Figure 148, Figure 152, Figure 
156, and Figure 160), and as with the other two upper body measures, demonstrates 
greater increases in accuracy (with race and combined gender+race multipliers) in the 
black validation groups than in the white validation groups. Further evidence of race 
sensitivity comes from the stratification of mean error graphs, (Figure 146, Figure 150, 
Figure 154, and Figure 158). With the two white groups, race and combined gender+race 
predictions were arranged above the all subjects and gender predictions and were more 
accurate. Conversely, in the two black groups, the race and combined gender+race 
predictions were arranged below the all subjects and gender predictions and were more 
accurate. Take particular note that this stratification pattern is the reverse of that found 
with functional leg length. This, in fact, makes logical sense, as a more racially accurate 
prediction for sitting height for whites would forecast a longer upper body (than less 
racially-sensitive multipliers), while a more accurate prediction for functional leg length 
would forecast a shorter lower body. These trends reverse for blacks.
For errors at or below 25 mm, individual predictions improved with the race and 
combined gender+race multipliers (see Table 23 and the cumulative % tables, Table 98, 
Table 100, Table 102, and Table 104), and improvements were most pronounced in the 
black validation groups. The combined gender+race multiplier predicted 25% more of 
the population within 25mm than did the all subjects multiplier in the black males group, 
and predicted 13% more o f the population in the black females group.
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Table 23. Percentage of sitting height values predicted within 0-25mm of actual 
value by validation group and multiplier
Validation Group
Percentage of Sample with Error < 25mm for Multiplier
All Subjects Gender Race C. Gender + 
Race
Male Whites 72.43% 71.75% 76.54% 76.37%
Male Blacks 49.12% 55.26% 72.37% 74.12%
Female Whites 70.77% 75.53% 81.51% 80.99%
Female Blacks 68.04% 65.43% 80.65% 81.09%
As with other variables, the improvements possible from demographic 
partitioning do not mean that the stature-based multiplier prediction technique is 
particularly accurate in predicting the dimensions o f individuals. Browse the percentile 
95% confidence intervals (see Figure 149, Figure 153, Figure 157, and Figure 161), with 
particular attention on the black male validation group for an illustration of accuracy 
problems. Notice how the size of the confidence intervals is extended (in several cases 
reaching 25mm), with many confidence intervals centered between 15-25mm 
(particularly in the male black group). These accuracy problems are again confirmed 
with higher maximum error summary statistics and lower cumulative % accommodated 
(at low error) statistics.
Thumb tip Reach
Thumb tip reach (Visual Index 106), while still a vertical component o f the body 
(in contrast to bideltoid breadth, for instance), is not a component o f stature (as functional 
leg length, buttock-popliteal length, or sitting height are). This variable presents the 
opportunity to view a dimension important to workspace design, which is different from 
many of the other stature-related variables explored previously. Thumb tip reach is not a 
component of stature (like buttock-knee length, for instance), but it is still related to 
stature. Indeed the correlations for the validation group actual values of thumb tip reach
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and stature are: male white, 0.81; male black, 0.83; female white, 0.79; female black,
0.78.
Best predictions of the population means, when viewed across all groups, were 
facilitated by the combined gender+race multiplier. This is particularly apparent in the 
black male validation group, where the overall 95% confidence interval graph 
progressively stairsteps down from the all subjects multiplier to the male black multiplier 
(see Figure 168). Moreover, maximum absolute errors increase considerably at the high 
percentiles, with the black male multiplier predictions moderating this effect (see Figure 
167 and Figure 169).
Overall, predictions o f thumb tip reach were poor for individuals, with only 70- 
80% of the population accurately predicted (with the combined gender+race multiplier) 
to within 25 mm in all four validation groups (see Table 24 and the cumulative % tables, 
Table 106, Table 108, Table 110, and Table 112). Again, then, although predictions were 
generally best with the combined gender+race multipliers, the ability to validly predict 
the individual (or even the population mean) is greatly limited.
Table 24. Percentage of thumb tip reach values predicted within 0-25mm of actual 
value by validation group and multiplier
Percentage of Sample with Error < 25mm for Multiplier
Validation Group All Subjects Gender Race C. Gender + 
Race
Male Whites 72.95% 70.55% 72.95% 72.60%
Male Blacks 50.88% 59.65% 67.98% 73.25%
Female Whites 67.08% 73.24% 76.58% 79.23%
Female Blacks 72.61% 67.83% 70.87% 73.26%
Overall Discussion
Most multipliers, for most dimensions, showed a trend to over-predict at the lower 
percentiles, approach reasonable accuracy at the mid-percentiles (between 10 and 25 mm
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at times), and to under-predict at the higher percentiles (as an exception to this, female 
blacks demonstrated progressively higher errors at the high percentile extremes on 
buttock-knee length and buttock-popliteal length, as did male blacks on the thumb tip 
reach dimension). Viewing this in terms of absolute error, the lower percentiles and 
higher percentiles were associated with higher errors, providing a weak “U” shaped error 
graph. Because the statue-based multiplier prediction technique is based on the 
population mean, it generally will do best at predicting the mean, at the expense of the 
higher and lower percentiles.
In general, the stature-based multiplier prediction technique is best at predicting 
the fictitious “average human.” Evidence of this may be found in Table 11 o f Chapter III 
(Results). When applied to the problem of accommodating the individual, this technique 
suffers from serious limitations. The error elevations at extreme percentiles illustrate this 
fact, as do some of the surprising maximum errors. For instance, within the male black 
validation group, the sitting height dimension, and the all subjects multiplier, we found 
one case with a maximum error o f 109 mm between the 90th and 95th percentile values for 
actual sitting height. However, we also realize that this may be an outlier.
In summary, the results of this exploration clearly indicate that combined 
gender+race partitioning will provide a prediction at least as accurate as other stature- 
based multiplier predictions, and often more accurate than these other predictions. While 
other predictions change in relative accuracy across anthropometric dimensions, the 
combined gender+race prediction is always equal to or better than the best of the other 
predictions.
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Caveats
It is important to appreciate that the all subjects multiplier did not receive equal 
influence from all gender and race groups. For instance, blacks were underrepresented, 
as were males. This under-representation was due to the smaller size of the black male 
calibration group, at n = 229, compared to the white male group (n = 584). Black 
females were also underrepresented, at n = 460 (white females n = 568). This under 
representation may in part explain why race and combined gender+race multipliers 
yielded more accurate predictions than all subjects and gender multipliers in black 
validation groups. It also explains the more pronounced grouping of race and combined 
gender+race multipliers, and the separation of these multipliers from the all subjects and 
gender multipliers, in mean error graphs in the black groups. As an example, for 
acromial height sitting, notice the more extreme separation of the prediction lines in the 
male black group over the male white group, illustrated in Figure 12 and Figure 13.
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Figure 12. Multiplier predictions are moderately separated into two stratified 
groups, white/male white and all subjects/male
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Figure 13. Multiplier predictions are greatly separated into two stratified 
groups, black/male black and all subjects/male
It is also important to appreciate that the over-to under-prediction found in the 
mean error graphs is a simple artifact o f using means to predict. Logically, where a mean 
is used to predict values below the mean on the standard curve, these values will be over- 
predicted. Conversely, where a mean is used to predict values above the mean on the 
standard curve, these values will be under-predicted.
Moreover, based on the same principle, it also makes sense that there is greater 
error (as illustrated in the absolute mean error graphs) at the percentile extremes. This 
greater error at the extremes is apparent in any application of techniques similar to linear 
regression, as illustrated by Younger (1979, p. 203).
CHAPTER V
CONCLUSION
The purpose o f this thesis was to answer the following questions:
1) is the stature-based multiplier prediction technique valid, and
2) can its validity be improved with multipliers that are sensitive to gender and
race differences.
With respect to the first question, the stature-based multiplier prediction technique 
has demonstrated limited validity, which is dependent on the anthropometric dimension 
predicted and the accuracy desired by the practitioner. In answer to the second question, 
the best-case validity is available using multipliers that are sensitive to gender and race 
differences. These conclusions are discussed in the following sections.
Validity of the Technique
With respect to validly predicting the anthropometric dimensions of an individual, 
the stature-based multiplier prediction technique is not likely to be satisfying to most 
practitioners. Systematic problems in predicting the percentile extremes demonstrated 
the inability of derivatives of stature to accurately reflect the anthropometric diversity of 
other dimensions. Maximum errors across the range o f percentiles punctuated the fact 
that this technique is unacceptable when attempting to accurately predict individual 
anthropometric dimensions with consistency. This is not particularly surprising, as 
stature-based multipliers are derived from mean population values in the calibration 
groups (and thus cannot reflect the richness of individual anthropometric differences).
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However, even when predicting the validation groups’ population means, the stature- 
based multiplier prediction technique failed to provide errors close to zero with any
confidence.
Improvement of the Technique: Gender and Race Correction
In predicting anthropometric dimensions, this study demonstrated the importance 
and even necessity of partitioning for both gender and race demographic variables. Some 
dimensions, generally comprising either the upper or lower body (e.g., sitting height, 
functional leg length, acromial height sitting), are more sensitive to racially-partitioned 
multipliers than are dimensions consisting of both upper and lower body components 
(e.g., acromial height). These upper or lower body dimensions are better predicted with 
racially-partitioned multipliers. However, in the case of bideltoid breadth, a horizontal 
body dimension, accuracy is sensitive to male/female partitioning. Overall, predictions 
from multipliers that compensated for both gender and race variables were consistently 
the most accurate. Table 25 and Table 26 illustrate this finding for the 10mm and 25mm 
error limits, respectively. Although the “best” multiplier changes from dimension to 
dimension and group to group, the combined gender+race multiplier consistently predicts 
the best over a wide range of dimensions and groups, always predicting the greatest 
number of anthropometric dimensions most accurately. Even in instances where the 
combined gender+race multiplier is not the best, it is very close (i.e. generally within 1%, 
with the worst case at 2.57%).
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Table 25. Percentage of sample predicted within 10mm using “best” multiplier
(indicated by other multipliers’ shortfall from “best” indicated in Italics.
Male W hites Best A ll Subjects Male W hite Male White
Acromial Height 45.21% 1.30% ✓ 1.72% 0.35%
Acromial Height Sitting 42.47% 6.00% 6.68% 7 2.57%
Bideltoid Breadth 30.82% 4.62% 0.34% 4.45% 7
Buttock-Knee Length 47.09% 15.75% ■/ 0.69% 2.06%
Buttock-Popliteal Length 49.83% 17.47% 2.74% 3.94% V
Eye Height Sitting 39.90% 6.68% 8.91% 7 1.20%
Functional Leg Length 37.33% 9.93% 4.97% 0.17% 7
Knee Height Sitting 61.13% 0.86% 3.08% 1.54% 7
Sitting Height 38.70% 6.34% 8.39% 2.57% 7
Thumb Tip Reach 36.30% V 1.54% 3.08% 0.17%
Male B lacks Best A ll Subjects Male Black Male Black
Acromial Height 39.91% 3.51% 3.95% 5.26% z
Acromial Height Sitting 39.91% 17.54% 17.98% 2.19% z
Bideltoid Breadth 30.70% 0.44% ■/ 0.88% 1.75%
Buttock-Knee Length 51.75% 7 11.84% 19.29% 7
Buttock-Popliteal Length 51.32% 7 8.34% 14.92% 7
Eye Height Sitting 39.04% 17.55% 14.04% 2.64% 7
Functional Leg Length 35.09% 3.51% 8.34% 7 0.44%
Knee Height Sitting 54.39% 10.97% 8.34% S 7
Sitting Height 35.09% 13.16% 11.84% 7 0.44%
Thumb Tip Reach 35.09% 15.35% 11.41% 2.20% ■/
Female W hites Best A ll Subjects Female W hite Female White
Acromial Height 52.64% 5.63% 2.46% 3.52% Z
Acromial Height Sitting 42.25% 8.10% 7.92% 0.70% z
Bideltoid Breadth 33.10% 4.23% 0.35% 4.40% z
Buttock-Knee Length 45.77% 2.64% 7.39% 1.76% z
Buttock-Popliteal Length 47.01% 1.24% 4.93% 1.76% z
Eye Height Sitting 44.54% 11.62% 11.44% 4.40% z
Functional Leg Length 33.63% ■/ 0.88% 2.12% 1.76%
Knee Height Sitting 63.91% 11.45% 6.69% 7 V
Sitting Height 40.67% 10.56% 7.57% 0.88% V
Thumb Tip Reach 39.61% 9.86% 7.04% 1.41% 7
Female B lacks Best A ll Subjects Female Black Female Black
Acromial Height 49.13% 0.65% 1.74% ✓ 0.65%
Acromial Height Sitting 42.61% 8.91% 10.22% Z 0.87%
Bideltoid Breadth 36.74% 7.83% 0.22% 8.48% 7
Buttock-Knee Length 42.17% 14.56% 7.60% 2.82% 7
Buttock-Popliteal Length 46.52% 22.17% 9.56% 5.22% 7
Eye Height Sitting 40.43% 7.39% 11.73% 7 0.43%
Functional Leg Length 31.96% 5.22% 1.74% 1.96% 7
Knee Height Sitting 63.26% 10.22% 14.13% 0.43% 7
Sitting Height 42.39% 11.96% 14.35% 1.74% 7
Thumb Tip Reach 38.48% 11.31% 13.05% 7 2.18%
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Table 26. Percentage of sample predicted within 25mm using “best” multiplier
(indicated by ✓ ); other multipliers’ shortfall from “best” indicated in Italics.
Male W hites Best A ll Subjects Male W hite Male W hite
Acromial Height 87.31% Z 0.15% 0.32% 0.15%
Acromial Height Sitting 81.34% 2.57% 3.43% 7 0.18%
Bideltoid Breadth 67.47% 7.37% 0.18% 7.02% >7
Buttock-Knee Length 88.36% 16.96% 1.89% 2.23% 7
Buttock-Popliteal Length 90.07% 15.41% 1.89% 3.43% 7
Eye Height Sitting 76.88% 1.37% 3.25% 1.54% 7
Functional Leg Length 74.14% 7.36% 2.91% 0.17% 7
Knee Height Sitting 97.09% 0.51% 2.06% 0.34% 7
Sitting Height 76.54% 4.11% 4.79% 7 0.17%
Thumb Tip Reach 72.95% 7 2.40% 7 0.35%
Male Blacks Best A ll Subjects Male Black Male Black
Acromial Height 82.89% 1.31% z Z 0.43%
Acromial Height Sitting 74.56% 14.91% 12.72% 1.31% 7
Bideltoid Breadth 68.42% 6.58% 7 5.70% 7
Buttock-Knee Length 91.23% 1.76% 5.70% 14.48% 7
Buttock-Popliteal Length 92.11% 0.44% 6.15% 14.48% 7
Eye Height Sitting 75.00% 20.61% 15.35% 0.44% 7
Functional Leg Length 75.88% 8.34% 14.92% 0.44% 7
Knee Height Sitting 97.81% 12.28% 8.77% 2.63% 7
Sitting Height 74.12% 25.00% 18.86% 1.75% 7
Thumb Tip Reach 73.25% 22.37% 13.60% 5.27% 7
Female W hites Best A ll Subjects Female W hite Female W hite
Acromial Height 91.02% 1.23% z 1.06% z
Acromial Height Sitting 81.16% 4.58% 2.64% 7 z
Bideltoid Breadth 76.76% 13.91% 1.76% 13.91% z
Buttock-Knee Length 87.32% V 7.39% 4.40% z
Buttock-Popliteal Length 88.91% 7 5.46% 3.87% z
Eye Height Sitting 82.57% 7.92% 4.75% 7 1.41%
Functional Leg Length 71.48% 2.82% 5.46% 0.71% 7
Knee Height Sitting 96.83% 4.22% 3.34% 7 7
Sitting Height 81.51% 10.74% 5.98% 7 0.52%
Thumb Tip Reach 79.23% 12.15% 5.99% 2.65% 7
Female B lacks Best A ll Subjects Female Black Female Black
Acromial Height 89.13% 0.87% z Z 0.65%
Acromial Height Sitting 83.26% 10.87% 11.30% Z 0.22%
Bideltoid Breadth 74.13% 4.35% 7 4.13% 0.22%
Buttock-Knee Length 86.30% 24.56% 10.87% 2.82% 7
Buttock-Popliteal Length 87.39% 24.56% 10.22% 2.39% 7
Eye Height Sitting 79.78% 7.61% 11.52% 7 0.43%
Functional Leg Length 77.17% 19.78% 17.60% 0.43% 7
Knee Height Sitting 96.74% 2.39% 3.91% 0.65% 7
Sitting Height 81.09% 13.05% 15.66% 0.44% 7
Thumb Tip Reach 73.26% 0.65% 5.43% 2.39% 7
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Integration: Implications for Designers
Given the richness o f human anthropometric diversity, it is simply not possible to 
accurately describe the entire population, on a variety o f dimensions, by using a single 
dimension (e.g., stature) and a specific single multiplier applied to that dimension.
Hence, the prediction of anthropometric dimensions by using stature-based multipliers is 
not particularly satisfying for most users of anthropometric data. However, it is realized 
that the resolution required varies from user to user, and that in any case, it is important 
to understand how “good” the stature-based multiplier prediction technique is in specific 
terms for different anthropometric dimensions.
Table 27 and Table 28 rank the percentage of individuals predicted within 10mm 
and 25mm, respectively, for each of the 10 dimensions studied. All predictions were 
made using the (best-case) combined gender+race multiplier, and indicate what accuracy 
the practitioner might expect to achieve when using stature-based multipliers to predict 
single anthropometric dimensions.
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Table 27. Percentage of validation group predicted within 10mm using
combined gender+race multipliers
White Black
Male White Dimensions < 10mm Male Black Dimensions < 10mm
1 Knee Height Sitting 61.13% 1. Knee Height Sitting 54.39%
2. Buttock-Popliteal Length 49.83% 2. Buttock-Knee Length 51.75%
3. Buttock-Knee Length 45.03% 3. Buttock-Popliteal Length 51.32%
Q 4. Acromial Height 44.86% 4. Acromial Height 39.91%
CG 5. Acromial Height Sitting 39.90% 5. Acromial Height Sitting 39.91%
2 6 Eye Height Sitting 38.70% 6. Eye Height Sitting 39.04%
7. Sitting Height 38.70% 7. Thumb Tip Reach 35.09%
8. Functional Leg Length 37.33% 8. Functional Leg Length 34.65%
9. Thumb Tip Reach 36.13% 9. Sitting Height 34.65%
10. Bideltoid Breadth 30.82% 10. Bideltoid Breadth 28.95%
Female White Dimensions < 10mm Female Black Dimensions < 10mm
1. Knee Height Sitting 63.91% 1. Knee Height Sitting 63.26%
2. Acromial Height 52.64% 2. Acromial Height 48.48%
3. Buttock-Popliteal Length 47.01% 3. Buttock-Popliteal Length 46.52%
0) 4. Buttock-Knee Length 45.77% 4. Sitting Height 42.39%
E 5. Eye Height Sitting 44.54% 5. Buttock-Knee Length 42.17%0)
u. 6. Acromial Height Sitting 42.25% 6. Acromial Height Sitting 41.74%
7. Sitting Height 40.67% 7. Eye Height Sitting 40.00%
8. Thumb Tip Reach 39.61% 8. Bideltoid Breadth 36.74%
9. Bideltoid Breadth 33.10% 9. Thumb Tip Reach 36.30%
10. Functional Leg Length 31.87% 10. Functional Leg Length 31.96%
Table 28. Percentage of validation group predicted within 25mm using 
combined gender+race multipliers
White Black
Male White Dimensions < 25mm Male Black Dimensions < 25mm
1. Knee Height Sitting 97.09% 1. Knee Height Sitting 97.81%
2. Buttock-Popliteal Length 90.07% 2 Buttock-Popliteal Length 92.11%
3. Buttock-Knee Length 88.36% 3. Buttock-Knee Length 91.23%
o 4. Acromial Height 87.16% 4. Acromial Height 82.46%
<G 5. Acromial Height Sitting 81.16% 5. Functional Leg Length 75.88%2 6. Eye Height Sitting 76.88% 6. Eye Height Sitting 75.00%
7. Sitting Height 76.37% 7. Acromial Height Sitting 74.56%
8. Functional Leg Length 74.14% 8. Sitting Height 74.12%
9. Thumb Tip Reach 72.60% 9. Thumb Tip Reach 73.25%
10. Bideltoid Breadth 67.47% 10. Bideltoid Breadth 68.42%
Female White Dimensions < 25mm Female Black Dimensions < 25mm
1. Knee Height Sitting 96.83% 1. Knee Height Sitting 96.74%
2. Acromial Height 91.02% 2. Acromial Height 88.48%
3. Buttock-Popliteal Length 88.91% 3 Buttock-Popliteal Length 87.39%
0) 4. Buttock-Knee Length 87.32% 4. Buttock-Knee Length 86.30%
E 5. Eye Height Sitting 81.16% 5 Acromial Height Sitting 83.04%ou. 6. Acromial Height Sitting 81.16% 6. Sitting Height 81.09%
7. Sitting Height 80.99% 7. Eye Height Sitting 79.35%
8. Thumb Tip Reach 79.23% 8. Functional Leg Length 77.17%
9. Bideltoid Breadth 76.76% 9. Bideltoid Breadth 73.91%
10. Functional Leg Length 71.48% 10. Thumb Tip Reach 73.26%
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According to these tables, the designer could expect to predict about 55-65% of 
the population’s actual knee height sitting dimensions within 10mm. Within 25mm, the 
designer could conceivably predict 96-97% o f the population’s actual knee height sitting 
dimensions; this accuracy could be acceptable for some applications requiring estimation 
of this dimension taken alone. However, accuracy is clearly worse for other dimensions, 
and knee height sitting is the best case dimension.
Predictions o f actual bideltoid breadth, on the other hand, include only 28-32% of 
the population with an error less than or equal to 10mm. With an error of 25mm or less, 
67-73% of the population’s actual bideltoid breadth individual values can be predicted, 
precluding accurate prediction for about 30% of the population, on bideltoid breadth 
alone. It is questionable what meaningful contribution such an inaccurate prediction can 
make, but it is conceivable that this level of accuracy might be acceptable for gross “ball­
park” estimates.
Summary
It is distressing that the Drillis and Contini (1966) proportional stickman figure 
was reprinted and promoted without associated cautions regarding its demographic 
population base, and without cautions regarding its overall inability to predict individual, 
and even population mean, anthropometric dimensions. Moreover, studies citing Drillis 
and Contini (1966) did not emphasize that the stickman figure was tangential to the 
research purpose of Drillis and Contini. This fact cannot be overstated, as Drillis and 
Contini never intended to validate or promote the stature-based multiplier prediction 
technique. This thesis has provided needed information on the limited validity of the 
technique and the overall necessity of gender and race partitioning to increase accuracy,
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if the technique is chosen for prediction. Based on the present analysis, it is 
recommended that the following four gender and race sensitive stickpeople (Figure 14, 
Figure 15, Figure 16, and Figure 17) be used when stature-based multiplier prediction is 
desired, rather than relying on traditional proportional stickmen. The present stickpeople 
are superior because:
>  The population upon which they are based is defined (Gordon et al., 1989).
>  The population upon which they are based was measured more recently (1988 vs. 
1966).
>  The population upon which they are based is larger (e.g., present male white 
calibration n = 584 vs. past male white calibration n = 20).
>  The dimensions are defined (Visual Index from Gordon et al., 1989)
>  The multipliers are sensitive to differences in gender and race (as discussed in this 
thesis).
>  Validity data concerning the multipliers is provided (e.g., Table 29, Table 30, Table 
31, and Table 32).
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Figure 14. Improved stickperson figure appropriate for male whites, including 
visual index references (in parentheses), stature multipliers (decimal numbers), and 
% of test sample predicted within 25mm (% numbers) using male white multiplier. 
★Functional leg length, while illustrated on left side o f  body, was measured on the 
right side.
Table 29. Tabular data associated with improved stickperson figure appropriate for 
male whites, including percentage of test sample predicted within 10mm and 25mm
Ref Male White Dimension Multiplier 10mm 25mm
2 Acromial Heiaht 0.821 44.86% 87.16%
3 Acromial Height Sitting 0.344 39.90% 81.16%
12 Bideltoid Breadth 0.279 30.82% 67.47%
26 Buttock-Knee Length 0.348 45.03% 88.36%
27 Buttock-Popliteal Length 0.282 49.83% 90.07%
49 Eye Height Sitting 0.455 38.70% 76.88%
55 Functional Leg Length 0.612 37.33% 74.14%
73 Knee Heiaht Sittina 0.316 61.13% 97.09%
93 Sitting Height 0.525 38.70% 76.37%
106 Thumb Tip Reach 0.452 36.13% 72.60%
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Figure 15. Improved stickperson figure appropriate for male blacks, including 
visual index references (in parentheses), stature multipliers (decimal numbers), and 
% of test sample predicted within 25mm (% numbers) using male white multiplier. 
★Functional leg length, while illustrated on left side o f  body, was measured on the 
right side.
Table 30. Tabular data associated with improved stickperson figure appropriate for 
male blacks, including percentage of test sample predicted within 10mm and 25mm
Ref Male Black Dimension Multiplier 10mm 25mm
2 Acromial Height 0.824 39.91% 82.46%
3 Acromial Height Sitting 0.331 39.91% 74.56%
12 Bideltoid Breadth 0.282 28.95% 68.42%
26 Buttock-Knee Length 0.360 51.75% 91.23%
27 Buttock-Popliteal Length 0.293 51.32% 92.11%
49 Eye Height Sitting 0.439 39.04% 75.00%
55 Functional Leg Length 0.629 34.65% 75.88%
73 Knee Height Sitting 0.325 54.39% 97.81%
93 Sitting Height 0.508 34.65% 74.12%
106 Thumb Tip Reach 0.467 35.09% 73.25%
81
Figure 16. Improved stickperson figure appropriate for female whites, including 
visual index references (in parentheses), stature multipliers (decimal numbers), and 
% of test sample predicted within 25mm (% numbers) using male white multiplier. 
★Functional leg length, while illustrated on left side o f  body, was measured on the 
right side.
Table 31. Tabular data associated with improved stickperson figure appropriate for 
female whites, including percentage of test sample predicted within 10mm and 
25mm
Ref Female White Dimension Multiplier 10mm 25mm
2 Acromial Heiqht 0.817 52.64% 91.02%
3 Acromial Height Sitting 0.348 42.25% 81.16%
12 Bideltoid Breadth 0.264 33.10% 76.76%
26 Buttock-Knee Length 0.356 45.77% 87.32%
27 Buttock-Popliteal Length 0.290 47.01% 88.91%
49 Eye Height Sitting 0.461 44.54% 81.16%
55 Functional Leg Length 0.613 31.87% 71.48%
73 Knee Height Sitting 0.312 63.91% 96.83%
93 Sitting Height 0.531 40.67% 80.99%
106 Thumb Tip Reach 0.443 39.61% 79.23%
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Figure 17. Improved stickperson figure appropriate for female blacks, including 
visual index references (in parentheses), stature multipliers (decimal numbers), and 
% of test sample predicted within 25mm (% numbers) using male white multiplier. 
*Functional leg length, while illustrated on left side o f  body, was measured on the 
right side.
Table 32. Tabular data associated with improved stickperson figure appropriate for 
female blacks, including percentage of test sample predicted within 10mm and 
25mm
Ref Female Black Dimension Multiplier 10mm 25mm
2 Acromial Height 0.820 48.48% 88.48%
3 Acromial Height Sitting 0.333 41.74% 83.04%
12 Bideltoid Breadth 0.266 36.74% 73.91%
26 Buttock-Knee Length 0.369 42.17% 86.30%
27 Buttock-Popliteal Length 0.302 46.52% 87.39%
49 Eye Height Sitting 0.444 40.00% 79.35%
55 Functional Leg Length 0.631 31.96% 77.17%
73 Knee Height Sitting 0.322 63.26% 96.74%
93 Sitting Height 0.513 42.39% 81.09%
106 Thumb Tip Reach 0.461 36.30% 73.26%
In conclusion, although the theory of human anthropometric proportionality has 
intuitive appeal and ancient precedent, this thesis has illustrated the serious limitations 
associated with stature-based multiplier predictions. The simplistic appeal o f the stature- 
based multiplier prediction technique is also its greatest limitation. Using a multiplier 
developed from calibration group stature and dimension means is attractive because 
stature is a readily-available measurement, and a single multiplier facilitates ease of use 
for the practitioner. However, stature-based multipliers cannot accurately predict all of 
the variability found among the individual’s anthropometric dimensions. Moreover, 
using population means for multiplier calibration translates to a prediction that best 
approximates the mean, at the expense of the individual.
In recommending further work in this area, it is important to appreciate the 
practitioner’s purpose and motivation in using the stature-based multiplier prediction 
technique. The technique is quick and easy to use, which makes it particularly attractive 
for initial analyses, and uses stature, a commonly measured anthropometric dimension. 
Moreover, for rough approximations, the technique may be suitable (depending on the 
accuracy required by the ergonomics practitioner). As a rule, if this technique is chosen 
after all of its limitations are understood, a combined gender+race multiplier should 
provide the best predictions, and should be employed wherever possible.
Further work would do well to focus on validating an easy-to-use technique that 
has better accuracy in predicting both to the population mean and the individual’s 
dimensions, especially at the percentile extremes. This technique should keep easily 
acquired anthropometric variables in the prediction, but use dimensions in addition to or 
in place o f stature to improve the accuracy of the prediction.
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The data and discussion in this thesis have provided information on the validity, 
limitations, and possible improvements (using gender and race correction) o f  the stature- 
based multiplier prediction technique. Thus, users and practitioners o f this technique can 
make a more informed decision when they consider using this prediction method.
APPENDIX A: Complete Results
This appendix contains the graphical and tabular results for the 10 dimensions 
studied for each of the four validation groups. The order o f presentation of the 10
dimensions is:
1) Acromial Height....................................................(Visual Index 2)
2) Acromial Height Sitting.......................................(Visual Index 3)
3) Bideltoid Breadth................................................ (Visual Index 12)
4) Buttock-Knee Length......................................... (Visual Index 26)
5) Buttock-Popliteal Length................................... (Visual Index 27)
6) Eye Height Sitting...............................................(Visual Index 49)
7) Functional Leg Length....................................... (Visual Index 55)
8) Knee Height Sitting............................................(Visual Index 73)
9) Sitting Height...................................................... (Visual Index 93)
10) Thumb Tip R each........................................... (Visual Index 106)
The Visual Index is contained in Appendix B. Within each of the 10 dimensions, 
the order of presentation for the validation groups is:
1) Male white validation group.
2) Male black validation group.
3) Female white validation group.
4) Female black validation group.
Appendix A results begin on the following page.
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Figure 18. Mean error, acromial height, male whites
All Subjects 
— Male 
_ * -  W hite 
~w- Male White
Figure 19. Absolute mean error, acromial height, male whites
Table 33. Prediction error (absolute) summary statistics, acromial height, male whites
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male White Male All Male White Male All Male White MaleSubjects White Subjects White Subjects White
o -s 9 10 9 10 0 1 1 0 35 38 34 37
5-10 9 9 9 9 1 0 1 1 32 35 31 34
10-15 9 9 8 9 0 2 1 0 34 36 32 35
15-20 8 8 8 8 1 1 0 1 29 28 30 28
20-25 8 9 8 9 0 0 1 1 31 33 30 32
25-30 8 9 7 8 2 0 0 1 35 37 33 36
30-35 8 8 8 8 1 0 0 1 28 31 27 30
35-40 9 10 9 9 1 1 0 0 30 31 32 29
40-45 5 5 5 5 0 0 1 0 19 18 20 18
45-50 8 9 8 9 0 0 1 0 38 35 39 36
50-55 8 8 8 8 0 0 1 0 31 31 32 30
55-60 7 7 8 7 1 0 2 1 29 26 30 27
60-65 9 10 9 9 1 0 1 0 36 38 34 37
65-70 12 11 12 12 0 1 1 0 55 52 56 54
70-75 9 9 10 9 2 4 0 3 34 32 36 33
75-80 10 9 11 10 2 0 0 1 48 45 50 47
80-85 14 13 14 13 0 1 1 0 51 48 53 50
65-90 9 8 9 8 1 1 0 2 33 30 35 32
90-95 12 11 12 12 2 1 1 0 45 42 47 44
95-100 12 12 12 12 1 2 3 0 47 45 49 46
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Table 34. Cumulative % at or below error value, acromial height, male whites
Error (mm) All Subjects Male White Male White
5 21.61% 22.43% 21.58% 21.92%
10 43.91% 45.21% 43 49% 44 86%
15 62.09% 61.82% 62.33% 61 47%
20 77.36% 78.42% 77 05% 78 08%
25 87.31% 87.16% 86 99% 87 16%
30 93.14% 93.84% 91 95% 94 18%
35 97.08% 96.92% 96 92% 96 75%
40 98.28% 98.63% 98 12% 98.46%
45 99.14% 99.49% 98 63% 99.32%
50 99.66% 99.83% 99.66% 99 83%
More 100 00% 100.00% 100.00% 100.00%
Figure 20. 95% Confidence intervals overall, acromial height, male whites
95% Confidence Intervals, Overall
Predicted Male White Acromial Height
All Subjects Male White Male White
Multiplier
Figure 21. 95% Confidence intervals by percentile range, acromial height, male whites
95% Confidence Intervals, Percentile
Predicted Male White Acromial Height
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Figure 22. Mean error, acromial height, male blacks
Figure 23. Absolute mean error, acromial height, male blacks
Table 35. Prediction error (absolute) summary statistics, acromial height, male blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male Black Male All Male Black Male All Male Black Male
Subjects Black Subjects Black Subjects Black
0-5 11 12 12 13 9 10 11 7 47 49 49 53
5-10 10 11 11 12 0 3 3 1 33 36 36 39
10-15 14 14 14 15 0 3 2 3 46 48 48 52
15-20 7 8 8 10 0 1 1 0 24 26 26 30
20-25 8 10 10 12 2 1 0 2 27 30 29 33
25-30 7 7 7 8 4 4 5 1 26 23 23 26
30-35 8 7 8 8 1 4 4 6 25 28 28 32
35-40 6 6 6 7 2 0 0 0 20 18 18 21
40-45 10 10 10 10 7 4 4 0 39 37 37 33
45-50 8 7 7 7 1 1 2 0 25 22 22 24
50-55 10 10 10 10 2 1 1 3 32 29 29 29
55-60 9 9 9 7 0 0 0 1 31 28 29 25
60-65 14 13 13 12 0 2 2 2 54 52 52 48
65-70 9 8 8 7 1 1 1 1 31 28 29 25
70-75 11 10 10 9 1 4 4 0 36 33 34 29
75-80 14 14 14 13 2 1 1 0 46 43 43 39
80-85 10 9 9 8 3 6 5 4 39 36 36 32
85-90 14 13 13 12 0 3 2 0 48 45 45 41
90-95 15 14 14 13 1 4 3 6 49 46 47 43
95-100 10 9 9 8 a 10 10 6 41 38 38 34
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Table 36. Cumulative % at or below error value, acromial height, male blacks
Error (mm) All Subjects Male Black Male Black
5 17.54% 18.86% 18.42% 18 86%
10 36.40% 35 96% 34 65% 39 91%
15 54.82% 57.02% 56.58% 57 02%
20 71.93% 72.81% 73 25% 71.93%
25 81.58% 82 89% 82 89% 82 46%
30 88.16% 90 79% 90.79% 90 35%
35 93.42% 93 42% 93.42% 94 30%
40 96.49% 96.49% 96.49% 96.93%
45 96.93% 97 81% 97 37% 98.25%
50 99.56% 99.56% 99 56% 99 12%
More 100 00% 100 00% 100 00% 100 00%
Figure 24. 95% Confidence intervals overall, acromial height, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Acromial Height
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Figure 25. 95% Confidence intervals by percentile range, acromial height, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Acromial Height
Percentile Range
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Figure 26. Mean error, acromial height, female whites
Actual Acromial Height Percentile Range
„  All Subjects 
Female 
White
„  . Female White
Figure 27. Absolute mean error, acromial height, female whites
». AN Subjects 
,  Female
White
„  Female White
Table 37. Prediction error (absolute) summary statistics, acromial height, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 12 12 12 11 2 0 1 2 54 52 53 50
5-10 11 11 11 11 4 2 3 0 52 50 50 48
10-15 9 8 9 7 1 0 0 0 33 30 31 29
15-20 11 11 11 11 1 1 1 0 S3 51 52 49
20-25 11 10 10 10 1 0 1 0 37 35 36 33
25-30 7 7 7 6 1 0 1 1 27 25 26 23
30-35 10 9 9 9 0 1 0 1 41 39 40 37
35-40 8 7 7 6 0 1 0 3 28 26 26 23
40-45 7 6 6 6 1 1 0 2 24 26 25 28
45-50 7 7 7 7 2 0 1 0 25 23 24 24
50-55 9 8 9 8 1 1 0 0 38 36 37 34
55-60 6 6 6 6 0 1 1 1 25 23 24 22
60-65 9 9 9 9 1 1 0 0 37 35 35 32
65-70 10 9 9 9 0 0 1 2 46 43 44 41
70-75 6 6 6 6 0 0 1 0 24 26 25 28
75-80 9 10 10 11 0 0 0 1 33 35 35 38
80-85 8 9 8 10 1 0 0 0 28 30 29 32
85-90 9 9 9 9 0 0 0 3 36 38 37 40
90-95 11 11 11 12 1 2 1 1 45 47 46 49
95-100 11 11 11 12 0 1 2 1 40 43 42 45
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Table 38. Cumulative % at or below error value, acromial height, female whites
Error (mm) All Subjects Female White Female White
S 26.06% 26 94% 25.88% 26 58%
10 47.01% 50 18% 49.12% 52.64%
15 66.73% 68 31% 67 96% 70.07%
20 82.22% 82.04% 82.57% 82.04%
25 89.79% 91 02% 89 96% 91.02%
30 94.89% 95 42% 95 42% 95 60%
35 97.18% 97 54% 97 54% 97.36%
40 98.77% 98.94% 98 94% 98.59%
45 99.12% 99 30% 99.30% 99.30%
50 99.47% 99 65% 99 47% 99.82%
More 100 00% 100 00% 100 00% 100.00%
Figure 28. 95% Confidence intervals overall, acromial height, female whites
95% Confidence Intervals, Overall 
Predicted Female White Acromial Height
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Figure 29. 95% Confidence intervals by percentile range, acromial height, female whites
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Figure 30. Mean error, acromial height, female blacks
» All Subfects 
_e_ Female 
Black
Female Black
Figure 31. Absolute mean error, acromial height, female blacks
Actual Acrom ial Height Percentile Range
Table 39, Prediction error (absolute) summary statistics, acromial height, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female 
Black
0-5 11 11 11 11 1 1 3 2 42 40 45 43
5-10 9 8 9 9 0 0 0 0 27 25 29 27
10-15 9 9 10 9 1 0 1 0 33 31 35 33
15-20 6 8 7 6 1 1 0 1 22 21 24 22
20-25 8 7 9 8 1 0 1 1 28 26 31 29
25-30 10 10 11 10 0 0 0 0 39 36 41 39
30-35 6 6 7 6 0 1 1 1 26 24 28 26
35-40 10 10 10 10 0 1 0 0 31 33 28 30
40-45 9 8 10 9 2 2 0 2 36 34 38 36
45-50 11 11 12 11 1 0 0 2 34 37 33 34
50-55 8 8 8 8 0 0 0 0 25 27 24 25
55-60 6 6 6 6 0 0 0 23 26 22 23
60-65 6 7 6 6 1 0 0 1 22 24 22 22
65-70 9 9 8 9 1 0 1 1 29 31 29 29
70-75 10 1 10 10 2 2 0 1 44 46 41 43
75-80 6 6 7 6 4 3 2 4 28 25 30 28
80-85 9 10 9 9 0 2 0 0 38 40 36 38
85-90 10 10 10 10 2 4 1 1 41 43 39 41
90-95 9 9 8 9 1 1 3 1 37 39 34 36
95-100 10 11 10 10 1 2 0 1 40 43 38 40
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Table 40. Cumulative % at or below error value, acromial height, female blacks
Error (mm) All Subjects Female Slack Female Black
5 25.00% 25 22% 25.43% 25.43%
10 48.48% 47.39% 49.13% 48 48%
15 66.30% 63 91% 69.78% 67.39%
20 81.74% 81.30% 80.87% 81.09%
25 88.26% 89.13% 89.13% 88.48%
30 95.43% 94.78% 94.78% 95.43%
35 97.39% 97.83% 97.61% 97.39%
40 99.13% 98 91% 99.35% 99.13%
45 100.00% 99.78% 100.00% 100 00%
50 100.00% 100.00% 100.00% 100.00%
More 100.00% 100 00% 100.00% 100 00%
Figure 32.95% Confidence intervals overall, acromial height, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Acromial Height
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Figure 33. 95% Confidence intervals by percentile range, acromial height, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Acromial Height
Percentile Range
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Figure 34. Mean error, acromial height sitting, male whites
All Subjects 
Male
_  White 
„  Male White
Figure 35. Absolute mean error, acromial height sitting, male whites
Actual Acromial Height Sitting Percentile Range
♦  A I? Subjects
Male
*  White 
Male W hile
Table 41. Prediction error (absolute) summary statistics, acromial height sitting, male whites
Eiror Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male White Male All Male White Male All Male White Male
Subjects White Subjects White Subjects White
0-5 12 11 14 13 1 1 1 1 38 37 47 43
5-10 8 8 12 11 3 4 1 1 33 32 42 38
10-15 14 14 16 15 0 1 0 0 55 54 64 6C
15-20 10 10 12 11 0 0 0 0 45 44 54 51
20-25 8 8 10 9 0 0 0 0 28 27 37 33
25-30 a 8 9 8 1 0 0 1 28 28 35 32
30-35 9 9 10 10 0 0 0 0 41 40 51 47
35-40 10 10 10 10 0 0 0 1 44 45 41 39
40-45 8 8 9 8 1 0 0 1 35 35 35 31
45-50 11 11 10 10 0 0 0 0 53 54 45 48
50-55 11 11 12 11 0 1 2 2 42 43 42 39
55-60 9 10 10 9 1 0 0 2 36 35 45 41
60-65 11 11 9 9 0 1 1 1 37 38 32 32
65-70 12 12 10 11 0 1 0 0 50 51 42 45
70-75 13 13 11 12 1 0 2 0 57 58 48 52
75-80 9 10 9 9 2 3 1 1 37 38 30 32
BO-85 12 12 10 11 2 3 1 0 42 43 34 37
85-90 14 14 12 12 1 1 0 1 63 64 54 58
90-95 14 14 13 13 1 2 0 4 56 57 47 51
95-100 16 16 15 16 1 0 1 1 59 60 50 53
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Table 42. Cumulative % at or below error value, acromial height sitting, male whites
Error (mm) All Subjects Male White Male White
5 17.47% 17.81% 21 40% 19 86%
10 36.47% 35 79% 42 47% 39 90%
15 53.08% 51 8B% 59.25% 59 08%
20 67.12% 66 27% 72 77% 73.29%
25 78.77% 77 91% 81 34% 81.16%
30 86.30% 85 45% 87.50% 87 16%
35 91.10% 91 27% 91.27% 92.98%
40 95.38% 94 86% 95.21% 95 89%
45 96.92% 97.09% 97 77% 97 95%
50 97.95% 97 95% 99 32% 98.80%
More 100 00% 100 00% 100 00% 100 00%
Figure 36. 95% Confidence intervals overall, acromial height sitting, male whites
95% Confidence Intervals, Overall
Predicted Male White Acromial Height Sitting
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Figure 37. 95% Confidence intervals by percentile range, acromial height sitting, male whites
95% Confidence Intervals, Percentile
Predicted Male White Acromial Height Sitting
Percentile Range
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Figure 38. Mean error, acromial height sitting, male blacks
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Figure 39. Absolute mean error, acromial height sitting, male blacks
Actual Acromial Height Sitting Percentile Range
_  AH Sub,acts 
,  M ale 
a Black
Male Black
Table 43. Prediction error (absolute) summary statistics, acromial height sitting, male blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male Black Male All Male Black Male All Male Black Male
Subjects Black Subjects Black Subjects Black
0-5 12 12 12 12 25 24 12 10 58 57 43 41
5-10 17 17 16 14 11 10 0 2 68 67 53 51
10-15 25 25 24 24 17 16 3 1 99 98 83 80
15-20 17 16 11 10 4 5 3 4 53 52 38 36
20-25 15 15 11 10 5 4 3 5 55 54 40 38
25-30 13 12 10 9 0 1 0 0 47 46 31 29
30-35 13 13 8 7 3 3 1 2 45 44 29 27
35-40 16 16 15 15 4 3 0 2 55 54 43 45
40-45 16 16 12 12 1 0 0 1 57 56 42 39
45-50 13 13 10 8 9 8 1 1 45 44 29 27
50-55 21 21 14 13 1 0 1 0 55 54 39 36
55-60 15 15 9 9 0 1 1 1 51 50 35 33
60-65 12 12 10 10 2 2 0 2 39 38 34 36
65-70 16 16 14 13 1 0 0 1 67 66 51 48
70-75 12 11 13 14 3 2 1 0 44 43 38 40
75-80 8 7 10 11 1 2 0 2 28 27 28 31
80-85 10 10 10 11 2 3 0 2 42 41 33 35
85-90 9 9 12 13 4 4 1 1 32 31 41 43
90-95 9 9 11 12 1 2 4 1 26 25 38 40
95-100 17 16 14 13 2 3 0 0 64 63 47 44
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Table 44. Cumulative % at or below error value, acromial height sitting, male blacks
Error (mm) All Sub|ects Male Black Male Black
5 11 84% 12.28% 21.93% 25 44%
10 22 37% 21.93% 37 72% 39 91%
15 34.65% 37.72% 53.95% 53 07%
20 49 12% 50 88% 65,35% 64 91%
25 59.65% 61.84% 73.25% 74.56%
30 71.05% 71.05% 84 21% 85 09%
35 76 32% 77 63% 89 04% 90.79%
40 80.26% 82.02% 94.74% 95.61%
45 88.16% 88.60% 97 81% 98.25%
50 91 67% 92.11% 98.25% 98.68%
More 100 00% 100.00% 100 00% 100 00%
Figure 40.95% Confidence intervals overall, acromial height sitting, male blacks
95% Confidence Intervals, Overall 
Predicted Male Black Acromial Height Sitting
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Figure 41. 95% Confidence intervals by percentile range, acromial height sitting, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Acromial Height Sitting
Percentile Range
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Figure 42. Mean error, acromial height sitting, female whites
Actual Acromial Height Sitting Percentile Range
All Subjects 
»  Female 
*_  White
White Female
Figure 43. Absolute mean error, acromial height sitting, female whites
Actual Acromial Height Sitting Percentile Range
Table 45. Prediction error (absolute) summary statistics, acromial height sitting, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female
White
All
Subjects
Female White Female
White
0-5 9 9 9 10 1 0 1 2 32 33 40 43
5-10 10 10 12 13 1 1 0 1 49 50 58 61
10-15 11 11 13 13 0 0 0 3 52 53 61 64
15-20 10 10 11 13 0 1 2 2 34 35 42 46
20-25 7 7 11 12 1 0 0 1 28 29 36 40
25-30 9 9 11 12 1 2 0 1 39 40 48 52
30-35 7 7 9 10 2 1 0 1 26 26 32 36
35-40 9 9 10 11 1 1 1 0 34 33 31 35
40-45 11 11 11 12 1 2 1 2 53 52 45 44
45-50 9 9 7 7 0 0 1 1 36 36 28 27
50-55 8 8 9 10 1 1 1 0 33 32 31 35
55-60 10 10 9 9 0 0 0 1 41 40 33 34
60-65 11 11 9 8 1 0 1 0 37 36 30 34
65-70 12 12 10 10 2 1 1 1 42 42 35 33
70-75 12 12 12 12 0 1 0 0 45 44 37 40
75-80 13 13 11 9 0 0 1 1 47 46 39 36
80-85 9 9 a 7 1 2 2 0 39 38 31 28
85-90 15 15 14 12 1 2 1 1 51 51 43 40
90-95 14 14 12 12 1 1 0 3 59 59 51 48
95-100 14 14 14 14 11 10 2 1 68 67 59 56
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Table 46. Cumulative % at or below error value, acromial height sitting, female whites
Error (mm) All Subjects Female White Female White
5 16 73% 18.31% 22.89% 22.18%
10 34 15% 34.33% 41.55% 42.25%
15 51 41% 51.94% 56.34% 58.63%
20 64 96% 65.67% 70.42% 69 89%
25 76 58% 78.52% 81.16% 81.16%
30 85 74% 86.44% 89.26% 90 14%
35 89 96% 91.37% 94.89% 94.19%
40 95 07% 95.77% 97.18% 97 01%
45 97.01% 97.18% 98.59% 98 77%
50 98 06% 98.42% 99.30% 99.30%
More 100 00% 100.00% 100.00% 100 00%
Figure 44. 95% Confidence intervals overall, acromial height sitting, female whites
95% Confidence Intervals, Overall 
Predicted Female White Acromial Height Sitting
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Figure 45. 95% Confidence intervals by percentile range, acromial height sitting, female whites
95% Confidence Intervals, Percentile
Predicted Female White Acromial Height Sitting
Percentile Range
Acromial Height Sitting (Visual Index 3): Female Black Validation Group Prediction Results 100
Figure 46. Mean error, acromial height sitting, female blacks
Actual Acromial Height Sitting Percentile Range
Ail Subjects 
. Female
Black
S _w Female Black
Figure 47. Absolute mean error, acromial height sitting, female blacks
Actual Acromial Height Sitting Percentile Range
1 ♦ All Subjects 
i Fem ale
Black
Female Black
Table 47. Prediction error (absolute) summary statistics, acromial height sitting, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Enor (mm)
All
Subjects
Female Slack Female
Slack
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female 
Black
0-5 16 16 15 15 6 6 2 1 68 69 54 55
5-10 13 13 7 8 0 1 5 4 44 45 30 31
10-15 14 14 12 13 2 3 1 0 59 SO 45 46
15-20 13 14 11 11 1 0 0 0 61 62 46 47
20-25 14 15 9 10 1 0 2 1 50 50 35 36
25-30 11 11 8 8 6 7 2 1 47 48 33 34
30-35 10 11 5 6 0 0 2 1 33 34 19 20
35-40 12 13 8 8 0 1 1 2 47 48 32 33
40-45 9 10 6 6 2 1 1 0 33 34 19 20
45-50 10 10 10 10 0 0 0 1 36 35 48 47
50-55 9 9 9 8 0 0 1 1 31 32 28 27
55-60 12 12 9 9 0 1 0 1 47 48 33 34
60-65 9 9 7 7 0 0 0 1 30 31 26 24
65-70 11 11 11 11 1 2 1 0 51 52 36 37
70-75 9 9 10 9 0 1 0 1 36 37 39 38
75-80 14 14 13 13 0 0 0 1 61 61 45 46
80-85 12 12 12 11 0 0 1 1 41 41 41 40
85-90 8 8 15 15 3 4 1 0 34 33 47 46
90-95 11 11 12 12 0 1 0 0 48 49 46 45
95-100 12 11 15 15 1 2 2 3 38 38 52 51
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Table 48. Cumulative % at or below error value, acromial height sitting, female blacks
Error (mm) All Subjects Female Black Female Black
5 15.87% 15 87% 23.48% 23 26%
10 33 70% 32.39% 42.61% 41 74%
15 48 70% 47.17% 59.57% 58 91%
20 62.83% 61.74% 73 70% 73 48%
25 72 39% 71 96% 83 26% 83 04%
30 82 61% 81 52% 89.35% 89 78%
35 89 57% 88 70% 93.70% 93 48%
40 93.48% 93.26% 95 65% 96 30%
45 96.09% 95 87% 97 39% 97 17%
50 98 26% 98 04% 99 35% 99 13%
More 100 00% 100 00% 100 00% 100 00%
Figure 48. 95% Confidence intervals overall, acromial height sitting, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Acromial Height Sitting
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Figure 49. 95% Confidence intervals by percentile range, acromial height sitting, female blacks
95% Confidence Intervals, Percentile
Predicted Female White Acromial Height Sitting
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Figure SO. Mean error, bideltoid breadth, male whites
Actual Bideltoid Breadth Percentile Range
Figure 51. Absolute mean error, bideltoid breadth, male whites
All Subjects 
Male 
White 
Male White
Actual Bidaltoid Breadth Percentile Range
Table 49. Prediction error (absolute) summary statistics, bideltoid breadth, male whites
Percentile
Range
Error Standard Deviation (mm)
All Male White Male
Subjects White
Minimum Error (mm)
All Male White Male
Subjects White
Maximum Error (mm)
All Male White Male
Subjects White
0-5 15 17 15 17 2 2 1 1 55 69 55 66
5-10 13 17 13 17 1 1 1 2 46 60 46 56
10-15 14 17 14 17 0 4 0 3 54 69 55 66
15-20 13 16 13 15 0 1 0 O' 46 60 46 59
20-25 10 12 10 12 1 0 1 2 41 56 41 54
25-30 7 12 7 11 0 0 1 0 26 40 26 39
30-35 10 10 10 10 1 0 0 1 31 45 31 43
35-40 11 9 11 9 0 1 0 0 40 32 40 30
40-45 9 8 9 7 0 0 0 0 33 28 33 27
45-50 11 13 11 13 2 1 2 0 45 53 45 51
50-55 13 11 13 11 0 2 0 1 59 47 59 48
55-60 15 13 15 14 1 1 1 0 56 43 56 44
60-65 12 9 12 9 3 1 3 0 51 38 51 39
65-70 14 14 14 14 2 1 2 0 56 68 56 67
70-75 17 11 17 12 0 3 1 1 56 43 56 45
75-80 15 12 15 12 1 2 0 1 70 57 69 58
80-85 15 13 15 13 2 1 2 1 58 45 58 46
85-90 13 12 13 12 4 6 4 7 72 59 72 60
90-95 13 12 13 12 2 2 2 4 62 49 62 50
95-100 17 17 17 17 28 13 28 15 100 86 100 87
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Table 50. Cumulative % at or below error value, bideltoid breadth, male whites
Error (mm) All Subjects Male White Male White
5 13 87% 15 75% 14.21% 15 58%
10 26 20% 30 48% 26 37% 30 82%
15 38.18% 45 21% 38 53% 46 23%
20 49.66% 58 90% 50.00% 58.22%
25 60 10% 67.29% 60 45% 67 47%
30 69 18% 7671% 69.69% 76 03%
35 77 40% 84 08% 77 40% 84 08%
40 82.88% 88 87% 83.05% 89 21%
45 88.36% 93 32% 88.36% 93 66%
50 91 95% 95 21% 91.95% 95 21%
More 100 00% 100 00% 100.00% 100 00%
Figure 52. 95% Confidence intervals overall, bideltoid breadth, male whites
95% Confidence Intervals, Overall
Predicted Male White Bideltoid Breadth
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Figure 53. 95% Confidence intervals by percentile range, bideltoid breadth, male whites
95% Confidence Intervals, Percentile
Predicted Male White Bideltoid Breadth
Percentile Range
Bideltoid Breadth (Visual Index 12): Male Black Validation Group Prediction Results 104
Figure 54. Mean error, bideltoid breadth, male blacks
E
E
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Figure 55. Absolute mean error, bideltoid breadth, male blacks
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Table 51. Prediction error (absolute) summary statistics, bideltoid breadth, male blacks
Percentile
Range
Error Standard Deviation (mm)
All Male Black Male
Subjects Black
Minimum Error (mm)
All Male Black Male
Subjects Black
Maximum Error (mm)
All Male Black Male
Subjects Black
0-5 14 15 14 15 3 16 3 19 44 58 44 62
5-10 16 22 15 22 3 1 3 2 49 63 48 67
10-15 10 9 10 11 1 5 1 2 27 39 27 43
15-20 11 14 11 14 0 3 0 6 38 53 38 56-
20-25 15 19 15 21 0 0 0 1 45 60 45 64
25-30 9 12 9 13 3 3 3 0 33 40 33 43
30-35 8 9 9 11 0 3 0 0 28 31 28 35
35-40 5 9 5 10 2 1 2 2 19 31 19 35
40-45 14 13 15 13 6 1 6 2 55 43 55 40'
45-50 10 9 10 11 1 3 1 0 36 26 37 30
50-55 13 11 13 11 2 1 1 2 43 30 43 31
55-60 16 12 16 11 4 2 3 1 50 37 50 34
60-65 15 18 15 19 3 3 3 5 50 66 50 70
65-70 19 12 19 12 3 5 4 2 55 42 55 38
70-75 17 12 18 12 2 0 1 1 56 43 56 40
75-80 19 19 19 19 16 2 17 1 83 71 63 68
80-85 16 12 16 11 4 6 4 3 53 40 53 36
85-90 22 19 22 19 6 0 6 4 81 69 82 65
90-95 17 17 17 17 18 3 18 1 72 59 72 55
95-100 13 14 13 14 29 14 29 11 67 54 68 50
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Table 52. Cumulative % at or below error value, bideltoid breadth, male blacks
Error (mm) All Subjects Male Black Male Black
5 14 04% 16 23%. 14.47%, 16 23%
10 30 26% 30.70% 29.82% 28.95%
15 42.11% 44 30% 42.54% 42.98%
20 54 39% 54.39% 53.95% 54 82%
25 61.84% 68.42% 62.72% 68.42%
30 67 98% 76 75% 67.98% 75 88%
35 75 00% 82 89% 75.00% 85.53%
40 81 14% 89 04% 80.70% 88 60%
45 86 84% 91.67% 86.84% 91.23%
50 91 67% 92 98% 91.67% 93 86%
More 100 00% 100 00% 100.00% 100 00%
Figure 56. 95% Confidence intervals overall, bideltoid breadth, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Bideltoid Breadth
All Subjects Male Black Male Black
Multiplier
Figure 57. 95% Confidence intervals by percentile range, bideltoid breadth, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Bideltoid Breadth
Percentile Range
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Figure 58. Mean error, bideltoid breadth, female whites
♦_ All Subjects
- Female 
-e- White
- Female White i
Figure 59. Absolute mean error, bideltoid breadth, female whites
Actual Bideltoid Breadth Percentile Range
♦ All Subjects 
e Female
I While
Female W hile
Table 53. Prediction error (absolute) summary statistics, bideltoid breadth, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 17 17 17 16 9 0 10 1 71 60 71 58
5-10 16 14 16 14 3 1 3 1 73 61 73 60
10-15 15 13 15 13 3 0 3 0 55 43 55 42
15-20 15 12 15 12 3 0 3 0 55 44 55 42
20-25 15 13 15 12 2 2 2 2 65 54 65 52
25-30 15 11 15 10 3 1 3 1 53 41 53 40
30-35 13 10 13 10 0 0 0 0 46 35 46 33
35-40 14 11 14 10 1 0 1 1 50 39 so 37
40-45 11 8 11 8 3 1 3 2 45 34 46 32
45-50 10 7 10 6 0 0 0 0 35 23 35 25
50-55 14 10 14 10 0 0 0 1 49 38 50 36
55-60 11 10 11 10 0 0 0 0 50 39 51 38
60-65 9 8 9 9 1 4 2 2 28 36 29 37
65-70 11 9 11 9 1 2 1 3 35 42 35 43
70-75 9 10 9 10 1 0 1 0 34 41 35 42
75-80 10 9 11 9 1 0 1 0 40 35 40 36
80-85 8 9 9 9 1 0 2 0 30 35 30 37
85-90 11 13 11 13 0 1 0 1 53 44 53 46
90-95 11 12 11 12 1 2 1 0 51 62 51 63
95-100 17 18 17 18 0 6 0 8 66 77 66 78
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Table 54. Cumulative % at or below error value, bideltoid breadth, female whites
Error (mm) All Subjects Female White Female White
5 14.26% 17.43% 14 44% 16.73%
10 28 87% 32.75% 28.70% 33.10%
15 42.25% 49.30% 42.08% 50.53%
20 53.35% 65.85% 53 17% 64.61%
25 62.85% 75.00% 62.85% 76.76%
30 76.06% 84.33% 75 70% 84.68%
35 82.04% 89.08% 82 04% 88.91%
40 88.20% 92.78% 88.20% 94.01%
45 92.25% 96.83% 92.08% 96.65%
50 94.72% 98.06% 94.72% 98.06%
More 100 00% 100.00% 100 00% 100.00%
Figure 60. 95% Confidence intervals overall, bideltoid breadth, female whites
95% Confidence Intervals, Overall
Predicted Female White Bideltoid Breadth
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Figure 61. 95% Confidence intervals by percentile range, bideltoid breadth, female whites
95% Confidence Intervals, Percentile
Predicted Female White Bideltoid Breadth
Percentile Range
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Figure 62. Mean error, bideltoid breadth, female blacks
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Figure 63. Absolute mean error, bideltoid breadth, female blacks
Actual Bldeltold Breadth Percentile Range
Table 55. Prediction error (absolute) summary statistics, bideltoid breadth, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female
Black
0-5 13 13 13 13 17 7 17 9 71 60 71 62
5-10 15 14 15 14 3 0 3 2 67 55 66 57
10-15 16 14 16 14 2 2 2 0 69 58 69 60
15-20 12 10 12 11 3 0 3 0 46 35 46 37
20-25 13 11 13 11 1 1 1 1 54 42 53 44
25-30 13 10 13 10 0 1 1 3 53 42 53 44
30-35 13 12 13 12 1 0 2 0 60 48 60 50
35-40 17 14 17 15 1 1 1 0 71 58 70 61
40-45 12 9 12 9 1 1 1 0 38 33 37 32
45-50 10 5 9 5 0 0 0 0 31 19 30 21
50-55 14 11 14 11 1 0 0 2 53 41 S3 43
55-60 9 10 9 9 2 0 2 0 40 31 40 30
60-65 8 6 8 6 1 0 0 1 26 22 26 20
65-70 10 10 10 10 0 0 0 2 36 42 35 40
70-75 8 10 8 9 0 0 1 2 27 31 26 30
75-80 8 10 8 9 1 3 0 1 28 39 29 37
80-85 8 13 8 13 1 2 1 0 27 37 27 36
B5-90 10 12 10 11 2 1 2 0 35 45 35 43
90-95 13 17 13 16 5 1 5 0 54 64 54 62
95-100 19 19 19 19 4 8 3 6 71 82 71 80
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Table §6. Cumulative % at or below error value, bideltoid breadth, female blacks
Error (mm) All Subjects Female Black Female Black
5 15 22% 20 22% 15.22% 18.70%
10 28 91% 36.52% 28.26% 36.74%
15 42 61% 53 26% 43.26% 51.52%
20 57 39% 64 78% 57.39% 65 00%
25 69 78% 74.13% 70.00% 73.91%
30 77 39% 81 74% 77.61% 82 39%
35 83 91% 87 61% 84.35% 87 39%
40 89 13% 91 96% 89.13% 92.17%
45 92 17% 93 91% 92.17% 94 57%
50 95 43% 96.09% 95.43% 96 09%
More 100.00% 100 00% 100.00% 100 00%
Figure 64. 95% Confidence intervals overall, bideltoid breadth, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Bideltoid Breadth
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Figure 65. 95% Confidence intervals by percentile range, bideltoid breadth, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Bideltoid Breadth
Percentile Range
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Figure 66. Mean error, buttock-knee length, male whites
Actual Buttock-Knee Length Percentile Range
All Subjects 
Male 
White 
White Male
Figure 67. Absolute mean error, buttock-knee length, male whites
Actual Buttock-Knee Length Percentile Range
Table 57. Prediction error (absolute) summary statistics, buttock-knee length, male whites
Percentile
Range
Error Standard Deviation (mm)
All Male White Male
Subjects White
Minimum Error (mm)
All Male White Male
Subjects White
All
Subj
Maximum Error (mm)
Male White Male
ects W hit a
0-5 13 12 12 10 1 0 0 2 55 46 46 40
5-10 14 12 13 10 0 0 0 O' S3 43 44 37
10-15 13 12 12 10 3 1 1 1 64 54 55 48
15-20 12 10 11 9 0 0 0 0 46 37 37 31
20-25 11 8 8 7 1 1 1 0 40 31 31 25
25-30 12 10 10 8 1 1 1 1 50 40 41 34
30-35 12 10 10 8 0 1 1 0 43 33 33 27
35-40 12 10 10 8 0 2 2 0 43 34 34 28
40-45 12 10 10 8 2 0 0 0 46 36 36 30
45-50 12 10 10 9 0 1 1 0 59 49 49 42
50-55 10 9 9 3 1 0 0 0 37 27 28 27
55-60 9 7 7 7 1 1 0 0 37 28 28 29
60-65 11 8 8 7 2 0 0 2 42 32 32 28
65-70 10 7 7 8 0 1 1 0 30 25 25 31
70-75 10 7 7 8 0 2 2 1 31 26 26 32
75-80 12 10 10 10 0 1 1 1 47 44 44 49
80-85 7 9 9 10 0 0 0 0 27 34 34 40
85-90 8 7 7 8 1 1 0 1 29 34 33 39
90-95 11 12 12 15 0 1 1 0 43 52 52 58
95-100 11 11 11 12 1 0 0 1 34 41 41 48
Buttock-Knee Length (Visual Index 26): Male White Validation Group Prediction Results 111
Table 58. Cumulative % at or below error value, buttock-knee length, male whites
Error (mm) All Subjects Male White Male White
5 17 64% 21 75% 21 40% 26 88%
10 31 34% 47 09% 46 40% 45.03%
15 47.26% 62 84% 62.50% 65 07%
20 61 99% 76 20% 75 86% 80 82%
25 71 40% 86 47% 86.13% 88 36%
30 81 85% 92.12% 91 95% 93 84%
35 90.41% 96.23% 96.23% 97 09%
40 94.35% 98 29% 98.46% 98.29%
45 97.43% 99.32% 99.32% 99 14%
50 99 14% 99 66% 99.66% 99 83%
More 100 00% 100.00% 100 00% 100 00%
Figure 68. 95% Confidence intervals overall, buttock-knee length, male whites
95% Confidence Intervals, Overall
Predicted Male White Buttock-Knee Length
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Figure 69. 95% Confidence intervals by percentile range, buttock-knee length, male whites
95% Confidence Intervals, Percentile
Predicted Male White Buttock-Knee Length
Percentile Range
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Figure 70. Mean error, buttock-knee length, male blacks
Figure 71. Absolute mean error, buttock-knee length, male blacks
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Table 59. Prediction error (absolute) summary statistics, buttock-knee length, male blacks
Percentile
Range
trro r Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male Black Male All Male Black Male All Male Black Male
Subjects Black Subjects Black Subjects Black
0-5 10 6 11 11 1 1 12 3 29 20 44 34
5-10 11 8 11 11 1 0 13 4 36 27 51 41
10-15 6 5 10 a 1 3 3 2 21 20 36 26
15-20 10 9 12 11 1 1 9 0 42 33 58 48
20-25 7 8 10 8 1 0 4 1 19 27 35 25
25-30 6 7 12 9 3 3 1 2 22 25 38 28
30-35 12 12 11 12 0 1 8 0 37 46 44 34
35-40 4 6 8 7 1 0 7 0 15 17 31 21
40-45 5 6 9 7 0 0 0 0 16 24 32 21
45-50 9 11 10 8 2 4 3 1 29 38 34 24
50-55 8 13 13 7 5 0 0 7 31 40 36 26
55-60 6 9 12 5 1 1 0 4 16 24 32 22
60-65 11 9 16 13 3 4 1 2 41 36 58 47
65-70 4 8 11 7 0 2 1 15 23 31 21
70-75 8 10 13 11 4 2 1 0 29 38 43 32
75-80 18 20 14 17 0 0 4 1 56 65 41 50
80-85 9 11 7 7 0 4 0 2 30 39 22 24
85-90 9 10 6 7 1 7 2 0 30 39 20 24
90-95 10 10 6 7 1 9 0 1 28 38 18 23
95-100 15 15 10 15 5 15 0 1 50 60 35 45
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Table 60, Cumulative % at or below error value, buttock-knee length, male blacks
Error (mm) All Subjects Male Black Male Black
5 25 44% 22 37% 17 54% 25 88%
10 51.75% 39.91% 32 46% 51 75%
15 71 93% 56.58% 49 56% 68 86%
20 85 53% 71.05% 64 04% 78 95%
25 89 47% 85.53% 76 75% 91 23%
30 95 61% 90.35% 84 65% 93 86%
35 96 05% 92 98% 93 86% 96 93%
40 97 81% 96 93% 96 05% 97 81%
45 98 68% 97 37% 98 68% 98 68%
50 99.12% 98 68% 98 68% 99 56%
More 100 00% 100.00% 100 00% 100 00%
Figure 72. 95% Confidence intervals overall, buttock-knee length, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Buttock-Knee Length
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Figure 73.95% Confidence intervals by percentile range, buttock-knee length, male blacks
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Figure 75. Absolute mean error, buttock-knee length, female whites
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Table 61. Prediction error (absolute) summary statistics, buttock-knee length, female whites
Percentile
Range
error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
UVhitP
All
S u b jec ts
Female White Female 
White
All
Subjects
Female White Female
White
0-5 11 12 9 11 1 5 1 1 49 56 41 47
5-10 11 13 8 10 0 0 1 1 39 46 30 37
10-15 9 12 8 9 3 0 1 1 38 46 29 36
15-20 9 11 6 8 0 1 1 0 33 41 25 31
20-25 10 12 9 9 1 0 0 1 36 44 30 34
25-30 9 10 8 9 0 3 1 0 40 47 32 37
30-35 11 12 9 10 0 1 1 0 34 42 32 32
35-40 10 10 8 9 0 4 1 0 31 39 37 31
40-45 9 10 10 9 0 2 1 0 41 49 32 39
45-50 8 11 7 7 0 1 1 2 30 38 23 28
50-55 a 10 9 8 1 2 0 0 33 41 28 30
55-60 9 8 11 10 0 2 0 0 33 41 39 33
60-65 7 9 8 7 1 0 1 2 23 30 28 22
65-70 10 10 11 10 0 0 1 1 37 41 45 40
70-75 7 8 7 7 0 0 0 0 25 33 33 27
75-80 9 9 10 9 0 1 4 0 34 27 43 37
80-85 10 9 11 10 0 1 2 1 42 35 50 44
85-90 10 10 13 11 0 0 0 0 37 33 46 40
90-95 10 7 11 10 1 1 3 0 39 31 47 41
95-100 13 11 14 14 2 3 5 2 49 41 58 51
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Table 62. Cumulative % at or below error value, buttock-knee length, female whites
Error (mm) All Subjects Female White Female White
5 27.11% 16.02% 20 77% 26.23%
10 43.13% 38.38% 44 01% 45.77%
15 59 68% 55.28% 63 03% 62.32%
20 77.46% 67.61% 73 42% 77.64%
25 87.32% 79.93% 82 92% 87.32%
30 92.61% 88.91% 91 .37% 91.73%
35 96.30% 94.01% 94 19% 96.48%
40 98.59% 96.48% 97 18% 98.59%
45 99.30% 98.94% 98 42% 99.30%
50 100 00% 99.65% 99 12% 99.65%
More 100 00% 100.00% 100 00% 100 00%
Figure 76. 95% Confidence intervals overall, buttock-knee length, female whites
95% Confidence Intervals, Overall
Predicted Female White Buttock-Knee Length
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Figure 77. 95% Confidence intervals by percentile range, buttock-knee length, female whites
95% Confidence Intervals, Percentile
Predicted Female White Buttock-Knee Length
Percentile Range
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Figure 78. Mean error, huttock-knee length, female blacks
Actual Buttock-Knee Length Percentile Range
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Figure 79. Absolute mean error, buttock-knee length, female blacks
Actual Buttock-Knee Length Percentile Range
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Table 63. Prediction error (absolute) summary statistics, buttock-knee length, female blacks
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Female Black Female All Female Black Female All Female Black Female
Subjects Black Subjects Black Subjects Black
0-5 6 7 8 10 0 1 2 1 21 28 35 40
5-10 10 8 7 8 0 1 6 2 35 28 32 37
10-15 8 7 8 10 0 0 0 1 26 22 30 35
15-20 10 9 10 11 2 1 2 1 46 40 33 37
20-25 10 7 6 7 1 1 0 1 34 27 25 30
25-30 10 7 7 9 1 1 0 1 31 24 27 32
30-35 10 11 12 13 4 1 0 1 35 43 51 56
35-40 11 9 7 8 3 0 2 1 44 37 31 32
40-45 12 8 6 7 0 2 0 1 38 31 24 20
45-50 12 11 9 7 3 1 1 0 43 36 29 25
50-55 11 10 8 7 1 1 2 0 45 38 31 26
55-60 12 10 9 9 2 1 5 0 49 42 35 35
60-65 11 9 7 7 1 0 1 2 43 36 29 26
65-70 13 10 9 10 1 4 2 2 53 46 39 34
70-75 14 13 11 11 5 0 2 1 55 48 41 36
75-80 12 12 11 10 10 2 1 0 57 49 43 38
80-85 15 15 13 11 5 0 1 1 70 62 56 51
85-90 14 14 14 13 13 5 3 2 72 65 58 53
90-95 11 12 12 11 16 8 0 5 65 58 51 46
95-100 18 17 16 15 1 1 2 1 69 61 54 49
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Table 64. Cumulative % at or below error value, buttock-knee length, female blacks
Error (mm) All Subjects Female Slack Female Black
5 15.43% 19.78% 16.52% 20.22%
10 27.61% 34.57% 39.35% 42.17%
15 38.04% 51.09% 60.43% 60 65%
20 47.17% 64.35% 75.22% 74 57%
25 61.74% 75.43% 83.48% 86 30%
30 71.74% 84.13% 89.78% 92.17%
35 82.17% 89.78% 95.22% 95 65%
40 86.96% 93.48% 97.17% 98 26%
45 92.17% 96.52% 98.26% 98.40%
50 95.87% 98.48% 98.48% 99 35%
More 100.00% 100.00% 100.00% 100 00%
Figure 80. 95% Confidence intervals overall, buttock-knee length, female blacks
95% Confidence Intervals, Overall 
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Figure 81. 95% Confidence intervals by percentile range, buttock-knee length, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Buttock-Knee Length
Percentile Range
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Figure 82. Mean error, buttock-popliteal length, male whites
Actual Buttock-Popliteal Length Percentile Range
*  AN Subjects 
Male 
W hite 
Male White
Figure 83. Absolute mean error, buttock-popliteal length, male whites
Actual Buttock-Popliteal Length Percentile Range
Table 65. Prediction error (absolute) summary statistics, buttock-popliteal length, male whites
Percentile
Range
Enor Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male
Subjects
White Male
White
All Male
Subjects
White Male 
White
All
Subj
Male
acts
White Male 
White
0-5 12 12 12 11 10 1 2 1 60 51 52 46
5-10 15 14 14 12 5 0 1 2 66 56 57 51
10-15 10 9 9 9 9 0 1 0 45 35 36 30
15-20 12 11 11 9 0 1 0 0 51 41 42 35
20-25 10 8 8 6 0 1 0 0 37 28 29 22
25-30 10 8 8 7 2 1 2 0 42 32 33 27
30-35 11 9 10 6 5 0 1 1 44 34 35 29
35-40 10 8 9 6 0 0 1 0 42 33 34 27
40-45 11 10 10 9 1 1 0 0 54 44 45 38
45-50 8 5 5 5 2 0 0 1 31 21 22 18
50-55 10 6 6 7 0 2 3 1 33 23 25 22
55-60 9 7 7 7 1 0 0 0 35 25 27 26
60-65 11 9 9 a 0 0 0 0 48 38 39 32
65-70 8 7 7 8 0 1 1 0 26 24 23 29
70-75 7 5 5 7 1 0 0 1 26 20 19 25
75-80 8 a 7 9 0 1 0 0 30 33 32 38
80-85 8 5 5 7 0 0 0 0 28 18 19 23
85-90 7 8 8 9 1 1 0 1 28 30 29 35
90-95 11 11 11 13 0 0 0 1 32 40 39 46
95-100 10 12 12 13 0 2 1 5 32 42 41 47
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Table 66. Cumulative % at or below error value, buttock-popliteal length, male whites
Error (mm) All Subjects Male White Male White
5 16 10% 23 63% 22.43% 27.57%
10 32.36% 47 09% 45 89% 49 83%
15 47 26% 66 44% 64 90% 67 64%
20 62.67% 79.62% 78 42% 81 68%
25 74 66% 88.18% 86.64% 90.07%
30 84 08% 92.98% 92.81% 94 35%
35 91 27% 95 89% 95 89% 96 23%
40 95 21% 98 12% 98 29% 98 46%
45 97 26% 99 66% 99 49% 99.14%
50 98 63% 99 66% 99 66% 99.83%
More 100 00% 100 00% 100.00% 100 00%
Figure 84. 95% Confidence intervals overall, buttock-popliteal length, male whites
95% Confidence Intervals, Overall
Predicted Male White Buttock-Popliteal Length
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Figure 85. 95% Confidence intervals by percentile range, buttock-popliteal length, male whites
Percentile Range
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Figure 86. Mean error, buttock-popliteal length, male blacks
Actual Buttock-Popliteal Length Percenltle Range
‘ *  All Subject 
' ,  M a le
B lack
1 Male Black
Figure 87. Absolute mean error, buttock-popliteal length, male blacks
Actual Buttock-Popliteal Length Percentile Range
Table 67. Prediction error (absolute) summary statistics, buttock-popliteal length, male blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male Black Male All Male Black Male All Male Black Male
Subjects Black Subjects Black Subiects Black
0-5 9 6 9 9 1 2 14 5 29 20 43 33
5-10 10 7 10 10 2 2 11 2 30 21 44 34
10-15 7 4 8 8 0 0 7 2 20 15 34 24
15-20 5 5 8 7 0 0 6 3 17 17 31 22
20-25 6 5 9 6 3 1 3 7 20 20 34 24
25-30 8 6 11 10 1 0 5 1 29 19 43 33
30-35 7 4 9 9 2 3 9 0 22 14 37 26
35-40 6 6 10 7 2 1 2 0 16 21 31 21
40-45 4 7 9 6 1 0 2 1 13 21 27 17
45-50 10 11 8 10 2 3 4 1 38 47 27 34
50-55 10 11 12 10 3 1 4 6 36 35 51 40
55-60 7 10 10 7 2 2 1 1 26 37 30 24
60-65 7 10 10 7 1 1 0 1 23 32 31 20
65-70 11 13 8 11 0 1 1 1 37 46 24 33
70-75 10 10 6 7 0 10 2 2 31 41 18 27
75-80 5 6 10 8 2 2 5 1 19 19 34 23
80-85 7 9 7 6 1 0 1 1 22 32 25 18
85-90 7 8 6 4 0 7 3 3 21 31 18 17
90-95 8 8 5 6 1 11 0 3 29 39 15 25
95-100 13 13 12 13 10 20 1 6 47 57 33 43
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Table 68. Cumulative % at or below error value, buttock-popliteal length, male blacks
Error (mm) All Subjects Male Black Male Black
5 23 68% 21 93% 16 42% 27 63%
10 51 32% 42.98% 36 40% 51 32%
15 71.93% 60 53% 51.32% 69.74%
20 86.84% 74 12% 64 47% 83.77%
25 91.67% 85 96% 77 63% 92 11%
30 95.61% 92 54% 89.04% 95 61%
35 97 81% 95 61% 96 05% 98.68%
40 99 12% 96 93% 97.37% 99.12%
45 99.56% 98 25% 99 56% 100.00%
50 100.00% 99.12% 99 56% 100.00%
More 100 00% 100 00% 100.00% 100.00%
Figure 88. 95% Confidence intervals overall, buttock-popliteal length, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Buttock-Popliteal Length
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Figure 89. 95% Confidence intervals by percentile range, buttock-popliteal length, male blacks
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Figure 90. Mean error, buttock-popliteal length, female whites
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Figure 91. Absolute mean error, buttock-popliteal length, female whites
Actual Buttock Popliteal Length Percentile Range
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Table 69. Prediction error (absolute) summary statistics, buttock-popliteal length, female whites
Percentile
Range
Error Standard Deviation (mm, Minimum Error (mm, Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 12 13 9 11 2 3 1 3 44 52 37 43
5-10 8 8 6 8 0 6 0 1 26 34 19 25
10-15 9 11 7 8 2 1 0 1 31 38 23 29
15-20 9 10 7 9 0 2 0 0 32 40 24 31
20-25 8 10 6 7 0 0 1 0 30 38 22 29
25-30 9 10 9 9 1 4 0 0 32 40 29 31
30-35 9 10 7 9 0 3 1 0 32 40 29 31
35-40 8 9 8 6 0 1 0 0 29 37 30 28
40-45 7 9 8 7 0 1 1 0 30 38 27 29
45-50 7 9 9 7 1 1 0 0 31 39 29 30
50-55 7 10 7 6 0 0 0 1 27 35 23 26
55-60 5 8 6 5 0 0 0 0 19 27 19 18
60-65 6 6 8 7 1 1 0 0 24 24 31 25
65-70 7 9 9 7 1 0 0 0 24 32 32 25
70-75 10 7 13 10 1 1 0 0 37 30 44 38
75-80 10 8 12 10 0 0 0 0 36 29 44 37
80-85 8 7 11 9 1 1 1 0 36 28 43 37
85-90 9 7 11 9 1 0 2 0 38 31 46 40
90-95 10 7 10 10 0 1 6 1 40 33 48 41
95-100 11 10 10 11 4 2 12 5 47 40 55 49
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Table 70. Cumulative % at or below error value, buttock-popliteal length, female whites
Error (mm) All Subjects Female White Female White
5 24.30% 19.19% 22.71% 25.18%
10 45.77% 42.08% 45.25% 47.01%
15 65.14% 57.75% 60.56% 65.14%
20 79.23% 73.42% 74.12% 7940%
25 88 91% 83.45% 85.04% 88.91%
30 94.89% 91.37% 91.90% 94.89%
35 98.06% 96.13% 95.07% 97.89%
40 99 12% 99.12% 97 36% 98.94%
45 99.82% 99.65% 99.12% 99 82%
50 100.00% 99.65% 99.65% 100 00%
More 100 00% 100.00% 100 00% 100.00%
Figure 92. 95% Confidence intervals overall, buttock-popliteal length, female whites
95% Confidence Intervals, Overall
Predicted Female White Buttock-Popliteal Length
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Figure 93. 95% Confidence intervals by percentile range, buttock-popliteal length, female whites
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Figure 94. Mean error, buttock-popliteal length, female blacks
Actual Buttock-Popliteal Length Percentile Range
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i Female
Black
j M Female Black
Figure 95. Absolute mean error, buttock-popliteal length, female blacks
Actual Buttock-Popliteal Length Percentile Range
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Table 71. Prediction error (absolute) summary statistics, buttock-popliteal length, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female
Black
0-5 6 7 8 9 0 0 3 1 19 26 32 37
5-10 7 7 9 11 1 1 1 0 23 30 36 41
10-15 5 7 8 9 1 0 1 2 21 23 29 34
15-20 8 7 7 7 0 0 1 2 37 30 25 26
20-25 8 5 5 6 0 2 0 2 28 20 16 21
25-30 9 7 6 7 0 1 1 0 28 21 24 29
30-35 8 6 7 8 2 1 0 1 27 20 25 30
35-40 10 7 6 7 0 1 0 0 34 26 22 28
40-45 9 9 9 10 2 3 1 1 38 31 33 38
45-50 9 8 6 5 4 1 0 0 37 30 24 19
50-55 11 10 10 9 2 1 1 0 40 33 32 38
55-60 12 10 a 8 2 3 2 1 43 35 30 25
60-65 12 11 9 8 4 1 1 1 45 38 32 28
65-70 12 10 9 8 1 3 1 0 50 43 38 33
70-75 10 10 9 8 10 2 2 0 49 42 36 31
75-80 11 10 9 8 5 0 0 0 44 37 31 26
80-85 9 9 9 9 18 10 4 2 49 42 36 31
85-90 10 10 10 10 15 7 1 3 61 53 48 43
90-95 11 12 12 12 26 18 12 7 73 66 60 56
95-100 15 15 15 14 11 2 4 0 75 67 61 57
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Table 72. Cumulative % at or below error value, buttock-popliteal length, female blacks
Error (mm) All Subjects Female Black Female Black
5 13 48% 18 91% 22 83% 21.30%
10 24.35% 36.96% 41 30% 46 52%
15 38 26% 50.87% 60 65% 62 39%
20 50.65% 66 52% 73 91% 77 39%
25 62 83% 77.17% 85.00% 87 39%
30 73 91% 86.52% 92.17% 94 13%
35 83 04% 92 39% 96 52% 96 96%
40 90.00% 96.30% 98 26% 98 48%
45 95.22% 98.26% 98.70% 99 13%
50 97 39% 98.70% 99 13% 99 57%
More 100.00% 100 00% 100 00% 100 00%
Figure 96. 95% Confidence intervals overall, buttock-popliteal length, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Buttock-Popliteal Length
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Figure 97.95% Confidence intervals by percentile range, buttock-popliteal length, female blacks
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Figure 98. Mean error, eye height sitting, male whites
CO
6
o
kO
All Subjects 
_e__ Male
White 
Male White
8 8 8to Q *7co 8) to
Actual Eye Height Sitting Percentile Range
Figure 99. Absolute mean error, eye height sitting, male whites
Actual Eye Height Sitting Percentile Range
Table 73. Prediction error (absolute) summary statistics, eye height sitting, male whites
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male White Male All Male White Male All Male White MaleSubjects White Subjects White Subjects White
0-5 16 15 19 18 0 2 0 0 53 50 62 58
5-10 9 9 12 11 0 0 0 0 43 40 53 48
10-15 12 11 15 13 0 0 0 2 51 48 61 56
15-20 9 9 12 11 0 0 1 0 39 41 37 34
20-25 10 10 15 12 1 1 0 0 36 34 46 42
25-30 12 12 12 11 0 2 2 2 42 39 52 47
30-35 10 11 11 10 2 0 1 0 50 53 41 46
35-40 9 9 11 10 2 1 0 0 36 34 47 42
40-45 11 11 11 10 1 0 0 1 40 42 35 35
45-50 13 13 13 13 0 0 0 0 47 49 46 42
50-55 13 13 12 12 1 1 1 1 45 48 39 40
55-60 12 13 13 12 2 0 3 1 46 43 56 51
60-65 10 10 10 9 0 0 1 2 35 37 45 40
65-70 14 14 14 14 2 0 0 1 67 69 57 62
70-75 14 14 12 13 0 1 0 1 64 67 55 59
75-80 14 14 11 12 0 0 2 1 45 48 42 40
80-85 11 12 11 11 1 2 1 0 42 44 43 37
85-90 12 12 11 11 0 2 0 0 50 53 40 45
90-95 14 15 11 12 2 0 0 2 58 61 48 53
95-100 16 17 13 15 1 1 0 0 57 60 47 52
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Table 74. Cumulative % at or below error value, eye height sitting, male whites
Error (mm) All Subjects Male White Male White
5 19 01% 15.07% 21.23% 19.01%
10 33 22% 30 99% 39.90% 38.70%
15 50 00% 47.95% 54.62% 53.42%
20 64 90% 62 67% 65.58% 65 24%
25 75 51% 73.63% 75.34% 76 88%
30 84 93% 82 88% 84 93% 86 13%
35 90 24% 89 55% 91 10% 92 81%
40 95 03% 93 49% 95.03% 95.03%
45 96.92% 96 40% 96.40% 97.43%
50 98.29% 98 29% 98.12% 98.29%
M o re 100 00% 100 00% 100.00% 100.00%
Figure 100. 95% Confidence intervals overall, eye height sitting, male whites
95% Confidence Intervals, Overall
Predicted Male White Eye Height Sitting
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Figure 101. 95% Confidence intervals by percentile range, eye height sitting, male whites
95% Confidence Intervals, Percentile
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Figure 102. Mean error, eye height sitting, male blacks
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Figure 103. Absolute mean error, eye height sitting, male blacks
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Table 75. Prediction error (absolute) summary statistics, eye height sitting, male blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male Black Male All Male Black Male All Male Black Male
Subjects Black Subjects Black Subjects Black
0-5 12 21 20 19 12 10 3 4 85 62 68 63
5-10 3 20 13 11 3 1 7 8 69 67 53 47
10-15 11 23 20 17 11 8 1 4 82 79 65 59
15-20 4 18 16 14 4 2 0 1 67 64 50 44.
20-25 12 12 10 9 12 10 3 2 51 48 34 28
25-30 3 13 10 9 3 5 1 0 49 46 32 27
30-35 2 14 11 8 2 5 0 3 51 49 34 29
35-40 6 22 16 15 6 4 10 5 80 77 62 56
40-45 9 13 18 19 9 12 1 1 62 60 50 55
45-50 1 21 14 12 1 1 1 5 63 60 45 40
50-55 0 10 7 10 0 1 3 1 30 27 27 32
55-60 1 16 12 11 1 2 1 0 52 49 34 29
60-65 5 16 15 13 5 3 2 2 62 59 44 44
65-70 3 16 8 9 3 1 10 5 52 49 34 28
70-75 3 12 9 8 3 6 0 2 47 44 29 25
75-80 5 16 15 14 5 6 2 1 64 61 46 40
BO-85 1 13 7 9 1 1 3 3 40 37 29 34
B5-90 6 13 8 5 6 4 0 2 41 39 23 18
90-95 1 17 12 12 1 0 1 3 61 58 42 41
95-100 2 21 17 17 2 0 2 0 81 78 61 55
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Table 76. Cumulative % at or below error value, eye height sitting, male blacks
Error (mm) All Subjects Male Black Male Black
5 10.53% 11 40% 20.61% 19 74%
10 21.49% 25 00% 36.40% 39.04%
15 32.46% 36 84% 53.51% 51 75%
20 46 05% 48 68% 63 16% 66 23%
25 54.39% 59.65% 74 56% 75.00%
30 63.60% 68.86% 81.58% 84.65%
35 71 05% 74.56% 89.47% 88.60%
40 78 51% 82.46% 92.54% 93 86%
45 82.69% 86.40% 95.18% 96.49%
50 89.47% 92.54% 96.49% 97.37%
More 100 00% 100 00% 100.00% 100.00%
Figure 104.95% Confidence intervals overall, eye height sitting, male blacks
95% Confidence Intervals, Overall 
Predicted Male Black Eye Height Sitting
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Figure IOS. 95% Confidence intervals by percentile range, eye height sitting, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Eye Height Sitting
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Figure 106. Mean error, eye height sitting, female whites
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Figure 107. Absolute mean error, eye height sitting, female whites
E
E
Actual Eye Height Sitting Percentlte Range
» All Subjects 
« Female 
> W hile 
. Female White
Table 77. Prediction error (absolute) summary statistics, eye height sitting, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm; Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 12 13 14 14 0 1 2 0 49 48 47 52
5-10 9 9 9 10 1 1 2 0 45 43 37 36,
10-15 12 12 13 14 2 0 0 1 44 47 54 59
15-20 10 10 11 13 0 1 1 0 42 44 51 57
20-25 9 9 9 11 1 0 0 0 33 32 39 44
25-30 11 10 9 9 0 0 2 0 41 39 33 33
30-35 12 12 13 15 0 2 1 0 54 52 47 52
35-40 7 7 10 12 0 0 0 1 27 25 33 38
40-45 11 11 10 10 1 2 0 1 45 43 36 35
45-50 11 10 7 7 0 1 0 0 36 34 27 26
50-55 13 13 12 11 0 1 0 1 52 50 45 50
55-60 12 12 11 11 1 2 0 2 56 54 48 43
60-65 11 11 10 11 3 1 1 0 46 44 38 37
65-70 14 13 11 10 0 0 1 0 57 55 48 43
70-75 14 13 11 10 0 1 2 1 53 51 45 40
75-80 13 12 9 9 1 1 4 1 48 46 39 34
80-85 13 13 13 12 7 5 0 0 60 58 51 46
85-90 17 16 15 14 1 1 0 0 64 62 55 50
90-95 15 15 14 11 2 0 0 1 65 63 56 51
95-100 17 17 15 14 1 4 1 0 60 58 50 45
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Table 78. Cumulative % at or below error value, eye height sitting, female whites
Error (mm) All Subjects Female White Female White
5 15.67% 15.67% 18.66% 21.83%
10 32.92% 33 10% 40.14% 44 54%
15 45 95% 50 88% 58 80% 59.86%
20 61 44% 65 85% 72.71% 72.54%
25 74 65% 77.82% 82 57% 81.16%
30 82.92% 85.21% 87.68% 88 56%
35 88 56% 89 96% 93 13% 92 08%
40 92 43% 93 31% 95 42% 96.13%
45 95 60% 95 95% 97.36% 98 06%
50 96 83% 97.36% 99.12% 98 77%
More 100.00% 100 00% 100 00% 100.00%
Figure 108. 95% Confidence intervals overall, eye height sitting, female whites
95% Confidence Intervals, Overall
Predicted Female White Eye Height Sitting
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Figure 109. 95% Confidence intervals by percentile range, eye height sitting, female whites
95% Confidence Intervals, Percentile
Predicted Female White Eye Height Sitting
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Figure 110. Mean error, eye height sitting, female blacks
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Figure 111. Absolute mean error, eye height sitting, female blacks
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Table 79. Prediction error (absolute) summary statistics, eye height sitting, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female 
Black
0-5 17 17 13 13 1 3 3 5 72 74 57 59
5-10 12 13 9 9 0 2 2 0 46 48 31 34
10-15 15 15 11 11 1 2 1 4 57 59 42 44
15-20 11 11 9 10 9 11 1 0 50 52 34 37
20-25 13 14 10 11 2 4 0 3 50 52 41 39
25-30 15 15 12 12 0 1 0 1 48 50 48 45
30-35 7 8 7 5 0 0 0 1 24 27 20 17
35-40 14 15 11 11 1 1 2 3 57 59 41 44
40-45 11 11 7 7 1 0 1 0 41 43 25 27
45-50 13 14 10 9 0 1 1 2 42 45 41 39
50-55 9 9 9 9 1 2 1 1 38 40 37 34
55-60 9 10 10 10 1 1 0 1 36 38 36 33
60-65 13 14 12 11 2 0 0 0 57 60 41 44
65-70 11 12 10 9 1 1 1 1 36 38 40 38
70-75 16 16 13 13 1 0 0 0 67 69 50 53
75-80 16 16 15 14 0 1 3 4 53 55 56 53
80-85 14 15 11 11 4 2 0 2 53 55 36 39
85-90 10 10 12 11 2 0 1 3 35 34 50 47
90-95 9 9 14 13 0 0 2 1 33 31 49 46
95-100 12 12 11 12 0 0 3 0 46 48 40 37
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Table 80. Cumulative % at or below error value, eye height sitting, female blacks
Error (mm) All Subjects Female Black Female Black
5 16.09% 15 00% 18 48% 19 78%
10 33.04% 28 70% 40 43% 40 00%
15 45.22% 44.57% 56 74% 56.96%
20 5870% 55 65% 70.65% 70.43%
25 72.17% 68.26% 79.78% 79 35%
30 80 00% 78.26% 87.17% 88 04%
35 87.17% 85 00% 92.17% 93 26%
40 91.52% 90 65% 96 09% 97 17%
45 95 87% 94 35% 98 26% 98 48%
50 97.17% 97.17% 99.57% 99.35%
More 100 00% 100 00% 100.00% 100 00%
Figure 112. 95% Confidence intervals overall, eye height sitting, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Eye Height Sitting
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Figure 113. 95% Confidence intervals by percentile range, eye height sitting, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Eye Height Sitting
Percentile Range
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Figure 114. Mean error, functional leg length, male whites
Actual Functional Log Length Percentile Range
J A ll Subjects 
I « Male
White
»_ Male White
Figure 115. Absolute mean error, functional leg length, male whites
Actual Functional Leg Length Percentile Range
Table 81. Prediction error (absolute) summary statistics, functional leg length, male whites
Percentile
Range
Error Standard Deviation (mm)
All Male White Male
Subjects White
Minimum Error (mm)
All Male White Male
Subjects White
Maximum Error (mm)
All Male White Male
Subjects White
0-5 10 17 14 13 2 1 4 4 76 72 65 64
5-10 16 16 15 15 8 4 0 0 75 71 63 62
10-15 18 17 15 15 1 1 0 1 64 60 52 51
15-20 15 14 12 12 0 1 0 0 66 62 54 54
20-25 12 12 11 11 2 1 0 0 47 43 35 34
25-30 17 15 12 12 1 0 1 1 52 48 41 40
30-35 12 10 10 10 0 3 1 0 52 48 40 40
35-40 16 15 13 12 1 0 2 1 60 55 48 47
40-45 14 13 11 11 2 2 1 0 58 54 46 45
45-50 12 12 11 11 2 1 0 0 55 51 43 43
50-55 13 11 10 10 1 2 2 1 48 44 36 36
55-60 11 11 11 11 2 1 0 1 38 39 47 47
60-65 14 12 11 11 1 2 1 0 53 48 40 40
65-70 16 16 17 17 0 0 1 1 63 59 63 64
70-75 10 9 11 11 2 1 1 0 38 35 43 43
75-80 9 9 11 12 1 1 2 1 40 36 37 37
80-85 9 10 13 13 1 0 1 0 32 36 44 45
85-90 12 13 15 16 0 0 0 1 54 58 66 67
90-95 10 9 12 12 0 2 0 0 34 33 41 42
95-100 16 18 21 21 1 0 0 0 59 63 71 72
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Table 82. Cumulative % at or below error value, functional leg length, male whites
Error (mm) All Subjects Male White Male White
5 13 70% 15.41% 20.89% 20.38%
10 27 40% 32.36% 37.16% 37 33%
15 44 35% 47.95% 49 32% 50 17%
20 57 88% 59 76% 61 30% 61.99%
25 66 78% 71 23% 73.97% 74 14%
30 74.49% 78 42% 82.88% 82 71%
35 83.39% 86 99% 90.41% 90.75%
40 89 73% 92.12% 92 29% 92 47%
45 93.49% 95 21% 96 75% 96 75%
50 95.55% 96 75% 98 12% 98 12%
More 100 00% too 00% 100 00% 100 00%
Figure 116. 95% Confidence intervals overall, functional leg length, male whites
95% Confidence Intervals, Overall
Predicted Male White Functional Leg Length
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95% Confidence Intervals, Percentile
Figure 117. 95% Confidence intervals by percentile range, functional leg length, male whites
Percentile Range
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Figure 118. Mean error, functional leg length, male blacks
A ctual Fun ctiona l Leg Len gth  P e rc en tile  R ange
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Figure 119. Absolute mean error, functional leg length, male blacks
Actual Functional Leg Length Percentile Range
Table 83. Prediction error (absolute) summary statistics, functional leg length, male blacks
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male Black Male All Male Black Male All Male Black MaleSubjects Black Subjects Black Subjects Black
0-5 8 8 15 14 3 2 2 0 28 27 46 43
5-10 11 12 16 16 0 2 1 1 39 35 58 55
10-15 8 10 12 10 3 2 1 4 31 35 39 36
15-20 5 6 9 8 3 0 1 2 20 24 30 27
20-25 8 10 10 9 1 0 4 1 26 30 34 31
25-30 14 12 22 20 0 5 0 3 44 40 64 61
30-35 9 9 12 11 0 1 1 0 23 27 36 33
35-40 10 10 15 14 2 1 2 0 32 32 52 49
40-45 20 21 11 12 0 0 2 0 55 59 36 39
45-50 12 12 11 10 0 4 3 1 44 48 37 34
50-55 15 15 11 10 1 5 7 5 47 51 43 40
55-60 17 17 11 12 2 6 0 0 55 59 35 38
60-65 9 10 12 11 1 5 0 0 32 36 37 34
65-70 18 19 16 16 4 8 0 0 70 74 51 54
70-75 16 16 10 11 7 11 1 2 57 61 37 40
75-80 14 15 15 14 6 11 1 2 49 53 49 46
60-85 13 13 9 9 7 12 1 5 51 56 31 35
85-90 24 24 18 18 1 5 0 3 81 85 61 64
90-95 13 13 12 13 14 19 1 2 57 61 37 40
95-100 14 14 14 14 29 33 8 11 73 78 53 56
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Table 84. Cumulative % at or below error value, functional leg length, male blacks
Error (mm) All Subjects Male Black Male Black
5 16 23% 11.84% 18 42% 18.42%
10 31 58% 26.75% 35 09% 34 65%
15 44 30% 39.04% 52 19% 53 51%
20 55 70% 50 00% 65 79% 65.79%
25 67 54% 60 96% 75.44% 75.88%
30 75 00% 70 18% 82.89% 82.46%
35 83.33% 77 19% 87.72% 89 04%
40 87 72% 84 21% 93.86% 94 74%
45 89.91% 88.16% 96.05% 96.49%
50 94 30% 92.54% 96 93% 97 37%
More 100.00% 100 00% 100 00% 100.00%
Figure 120. 95% Confidence intervals overall, functional leg length, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Functional Leg Length
All Subjects Male Black Male Black
Multiplier
Figure 121. 95% Confidence intervals by percentile range, functional leg length, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Functional Leg Length
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Figure 122. Mean error, functional leg length, female whites
Actual Functional Leg Length Percentile Range
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Figure 123. Absolute mean error, functional leg length, female whites
Actual Functional Leg Length Percentile Range
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Table 85. Prediction error (absolute) summary statistics, functional leg length, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 18 18 15 15 2 0 5 6 80 83 69 70
5-10 15 16 12 12 1 1 3 3 59 63 49 49
10-15 15 17 11 11 2 0 0 1 57 60 46 47
15-20 18 19 15 16 1 4 1 0 70 74 59 60
20-25 14 15 10 10 1 0 0 1 54 57 43 43
25-30 19 20 15 15 0 1 2 1 68 72 57 58
30-35 11 12 9 9 0 0 0 1 44 47 33 33
35-40 15 16 12 12 1 1 0 0 52 56 41 42
40-45 11 12 10 10 0 0 1 1 40 43 42 42
45-50 13 13 11 11 1 2 1 1 53 57 42 43
50-55 16 17 15 15 0 1 1 0 77 80 65 66
55-60 12 13 10 10 1 1 0 1 44 47 35 35
60-65 12 13 10 10 1 0 3 3 47 51 36 37
65-70 13 14 10 10 0 1 1 0 50 53 38 39
70-75 14 14 12 12 0 0 0 0 42 46 53 52
75-80 13 13 13 13 0 1 0 0 46 45 56 56
90-85 9 9 12 11 0 0 0 1 34 35 45 45
85-90 13 12 15 15 1 1 1 1 53 50 64 63
90-95 12 11 14 14 1 1 3 3 40 39 51 50
95-100 16 15 17 17 1 0 6 6 57 53 68 67
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Table 86. Cumulative % at or below error value, functional leg length, female whites
Error (mm) All Subiects Female White Female White
5 19.01% 17 43% 15.49% 15.67%
10 33 63% 32.75% 31.51% 31 87%
15 47.18% 46.65% 48.24% 48 42%
20 58.80% 56.16% 59.86% 60 21%
25 68 66% 66.02% 70.77% 71 48%
30 76.94% 74.30% 80.28% 80 11%
35 84.15% 81 51% 86.97% 86.97%
40 88 56% 86 97% 91.90% 92.25%
45 92.96% 90.85% 95.77% 96 13%
50 95.95% 94.72% 97 71% 97 54%
More 100 00% 100 00% 100 00% 100.00%
Figure 124. 95% Confidence intervals overall, functional leg length, female whites
95% Confidence Intervals, Overall
Predicted Female White Functional Leg Length
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Figure 125. 95% Confidence intervals by percentile range, functional leg length, female whites
95% Confidence Intervals, Percentile
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Figure 126. Mean error, functional leg length, female blacks
Figure 127. Absolute mean error, functional leg length, female blacks
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Table 87. Prediction error (absolute) summary statistics, functional leg length, female blacks
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Female Black Female All Female Black Female All Female Black Female
Subjects Black Subjects Black Subjects Black
0-5 12 13 15 15 1 0 5 4 40 44 58 59
5-10 12 11 11 11 0 1 1 2 46 43 44 46
10-15 12 12 17 18 1 0 3 1 45 48 63 65
15-20 7 6 8 8 0 0 1 0 32 28 27 28
20-25 10 9 9 9 1 1 1 1 32 29 35 37
25-30 14 14 12 12 1 0 1 1 53 50 41 42
30-35 11 11 9 9 2 5 2 3 45 42 40 42
35-40 11 10 13 13 2 3 0 0 41 38 41 43
40-45 15 14 8 8 0 1 1 2 49 46 31 30
45-50 18 18 11 10 1 0 1 0 64 61 47 45
50-55 9 8 11 11 1 0 0 1 31 27 43 44
55-60 15 14 9 9 0 1 2 1 51 47 33 31
60-65 17 17 13 12 1 0 0 1 61 58 43 42
65-70 16 16 14 14 2 0 0 1 60 57 53 54
70-75 16 16 11 10 2 1 0 0 54 51 36 34
75-80 26 25 18 18 2 0 2 0 94 91 76 75
80-85 18 17 12 12 1 0 3 1 70 67 52 50
85-90 16 15 13 13 0 4 1 0 66 63 48 46
90-95 13 13 13 13 18 14 2 3 73 70 54 53
95-100 17 17 14 14 3 7 1 1 70 66 50 48
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Table 88. Cumulative % at or below error value, functional lee length, female blacks
Error (mm) All Subjects Female Black Female Black
5 16.52% 17.61% 17 61% 16 74%
10 26 74% 30 22% 30 00% 31 96%
15 37 83% 43.26% 48.04% 47.39%
20 49.13% 52.83% 63 48% 62.83%
25 57.39% 59 57% 76.74% 77.17%
30 65.00% 71.52% 85 43% 84 78%
35 74.35% 78.26% 88 91% 89 78%
40 81 30% 85 87% 93.04% 93.48%
45 88.48% 91 52% 96 52% 96 30%
50 92.61% 94.13% 98 04% 97 83%
More 100 00% 100.00% 100 00% 100 00%
Figure 128. 95% Confidence intervals overall, functional leg length, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Functional Leg Length
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Figure 129. 95% Confidence intervals by percentile range, functional leg length, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Functional Leg Length
Percentile Range
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Figure 130. Mean error, knee height sitting, male whites
All Subjects 
_ Male
W hile
_ h _  Male W hile
Figure 131. Absolute mean error, knee height sitting, male whites
Table 89. Prediction error (absolute) summary statistics, knee height sitting, male whites
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male White Male All Male White Male All Male White Male
Subjects White Subjects White Subjects White
0-5 9 9 7 8 0 1 2 1 30 32 25 29
5-10 9 10 8 9 1 1 0 2 35 37 30 33
10-15 6 6 5 6 2 1 0 0 24 26 19 22
15-20 7 7 6 6 0 0 1 1 29 31 24 27
20-25 8 9 6 7 0 0 1 0 28 30 22 25
25-30 8 8 7 7 0 1 0 0 36 38 30 33
30-35 6 6 6 6 0 1 0 0 27 29 21 25
35-40 8 9 6 7 0 1 0 1 31 33 25 28
40-45 5 4 6 5 0 0 0 1 15 17 18 15
45-50 6 7 5 6 0 0 0 0 27 29 21 25
50-55 6 7 6 6 0 0 0 0 22 24 23 20
55-60 5 5 5 4 0 0 0 0 18 20 21 18
60-65 6 7 5 5 0 0 1 1 23 26 21 21
65-70 5 5 6 5 0 0 1 1 22 20 27 24
70-75 5 5 7 6 0 0 0 2 21 19 26 23
75-80 4 4 6 5 1 1 0 0 15 17 20 17
60-85 6 5 7 7 0 0 2 0 24 22 29 26
85-90 7 6 8 7 0 1 1 0 31 29 37 33
90-95 6 5 7 7 0 2 1 0 20 18 26 22
95-100 7 7 8 8 1 2 3 1 25 23 31 27
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Table 90. Cumulative % at or below error value, knee height sitting, male whites
Error (mm) All Subjects Male White Male White
5 32 02% 28 42% 32 36% 35.45%
10 60 27% 58 05% 59 59% 61 13%
15 79 28% 77 74% 78 08% 79 79%
20 90.75% 89 55% 90 07% 91.10%
25 96 58% 95 03% 96.75% 97 09%
30 98 80% 98 46% 99 49% 99.49%
35 99.66% 99 66% 99 83% 100 00%
40 100.00% 100 00% 100.00% 100.00%
45 100.00% 100 00% 100 00% 100.00%
50 100 00% 100 00% 100 00% 100 00%
More 100 00% 100 00% 100 00% 100 00%
Figure 132. 95% Confidence intervals overall, knee height sitting, male whites
95% Confidence Intervals, Overall
Predicted Male White Knee Height Sitting
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Figure 133. 95% Confidence intervals by percentile range, knee height sitting, male whites
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Figure 134. Mean error, knee height sitting, male blacks
A ctua l Knee H a ig h t S itting P arcantfle  R ange
Figure 135. Absolute mean error, knee height sitting, male blacks
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Table 91. Prediction error (absolute) summary statistics, knee height sitting, male blacks
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
Range All Male Black Male All Male Black Male All Male Black MaleSubjects Black Subjects Black Subjects Black
0-5 4 5 7 8 3 1 3 0 16 15 22 24
5-10 4 4 5 6 1 0 1 2 14 12 19 22
10-15 6 6 7 8 0 1 0 3 16 18 25 28
15-20 3 3 5 5 0 0 0 2 9 11 19 22
20-25 7 7 9 9 0 2 0 3 21 23 31 33
25-30 6 6 4 4 1 1 0 2 19 18 14 16
30-35 6 6 6 7 1 1 2 1 22 20 20 23
35-40 7 6 5 6 1 2 1 1 25 23 16 16
40-45 9 9 5 5 0 0 0 1 29 27 20 17
45-50 8 8 6 6 1 1 1 2 26 24 16 19
50-55 7 7 6 6 0 2 1 0 30 28 20 18
55-60 7 7 7 7 10 8 1 2 35 33 25 23
60-65 8 8 6 6 2 0 1 1 28 26 19 17
65-70 5 5 5 4 8 6 0 0 28 26 19 16
70-75 10 10 7 6 2 1 0 0 32 30 22 19
75-80 12 12 11 9 5 3 1 2 46 44 36 34
80-85 8 8 4 3 3 1 5 2 27 24 17 14
85-90 12 12 10 10 1 1 6 3 49 47 39 37
90-95 9 9 9 7 10 8 0 2 37 34 27 24
95-100 7 7 7 7 20 17 9 6 45 42 35 32
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Table 92. Cumulative % at or below error value, knee height sitting, male blacks
Error (mm) All Subjects Male Black Male Black
5 24 12% 24 56% 27 19% 30 26%
10 43.42% 46 05% 54 39% 54 39%
15 59.21% 63 16% 76 75% 77.63%
20 71.93% 78 95% 89.91% 89.91%
25 85.53% 89.04% 95.18% 97.81%
30 92.11% 95.61% 98.25% 98 25%
35 96 49% 98 68% 99.12% 99.56%
40 98.68% 98 68% 100.00% 100 00%
45 99.12% 99.56% 100.00% 100.00%
50 100 00% 100 00% 100 00% 100 00%
More 100.00% 100 00% 100 00% 100 00%
Figure 136. 95% Confidence intervals overall, knee height sitting, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Knee Height Sitting
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Figure 137. 95% Confidence intervals by percentile range, knee height sitting, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Knee Height Sitting
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Figure 138. Mean error, knee height sitting, female whites
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Figure 139. Absolute mean error, knee height sitting, female whites
E
§
I
Actual Knee Height Sitting Percentile Range
I . Alt Subjects
| ,  Female 
I White
Female White
Table 93. Prediction error (absolute) summary statistics, knee height sitting, female whites
Percentile
Range
Error standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
Whito
All
Subjects
Female White Female
White
0-5 10 10 10 9 3 1 0 1 46 44 41 37
5-10 9 9 8 8 0 2 1 0 39 38 34 30
10-15 9 9 8 6 2 0 1 1 33 31 28 24
15-20 8 8 8 6 3 1 0 2 34 32 28 25
20-25 10 9 8 6 1 0 0 2 35 34 30 26
25-30 8 8 7 6 2 1 0 0 28 27 23 19
30-35 6 6 5 4 1 0 0 0 29 27 23 19
35-40 8 8 7 5 1 0 1 1 30 29 25 21
40-45 7 7 7 7 0 1 0 1 27 26 27 31
45-50 7 6 5 6 0 1 0 0 29 27 23 23
50-55 7 7 6 5 1 1 0 0 29 27 23 21
55-60 5 5 4 4 1 1 1 0 20 18 14 17
60-65 9 9 8 7 1 0 0 0 34 33 29 25
65-70 8 8 7 6 0 0 1 1 36 35 31 26
70-75 6 6 5 6 0 0 0 1 25 23 23 26
75-80 5 4 4 5 0 0 1 0 1B 17 15 19
80-85 5 5 5 7 0 0 1 0 21 23 26 30
85-90 5 5 5 6 0 0 0 0 19 18 16 20
90-95 6 5 5 6 0 0 1 0 21 20 22 26
95-100 7 7 7 7 1 0 2 6 27 28 32 36
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Table 94. Cumulative % at or below error value, knee height sitting, female whites
Error (mm) All Subjects Female White Female White
5 28.17% 32.57% 35.04% 36 80%.
10 52 46% 57.22% 63.91% 63 91%,
15 71.48% 75.70% 81.51% 82 04%
20 84 51% 87 32% 91 02% 93.13%
25 92 61% 93.49% 96 83% 96 83%
30 97.36% 97 89% 98 94% 99 12%
35 98 94% 99 65% 99 82% 99 65%
40 99.82% 99 82% 99 82% 100 00%
45 99 82% 100.00% 100 00% 100 00%
50 100 00% 100.00% 100 00% 100 00%
More 100 00% 100 00% 100 00% 100 00%
Figure 140, 95% Confidence intervals overall, knee height sitting, female whites
95% Confidence Intervals, Overall 
Predicted Female White Knee Height Sitting
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Figure 141. 95% Confidence intervals by percentile range, knee height sitting, female whites
95% Confidence Intervals, Percentile
Predicted Female White Knee Height Sitting
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Figure 142. Mean error, knee height sitting, female blacks
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Figure 143. Absolute mean error, knee height sitting, female blacks
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Table 95. Prediction error (absolute) summary statistics, knee height sitting, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subiects
Female Black Female 
Black
All
Subiects
Female Black Female
Black
0-5 8 8 10 10 2 1 2 1 40 38 48 47
5-10 4 4 7 7 0 0 0 0 17 15 26 24
10-15 7 7 8 8 0 0 0 0 25 23 34 33
15-20 6 6 7 7 0 1 3 1 21 22 26 27
20-25 5 4 6 6 1 1 1 0 16 14 25 23
25-30 6 6 7 7 2 1 0 1 19 21 27 26
30-35 5 6 4 4 0 0 0 0 20 22 13 13
35-40 6 6 6 6 0 1 0 1 20 22 21 20
40-45 6 7 4 5 1 0 0 0 22 23 19 18
45-50 6 6 6 5 1 1 0 1 24 26 22 21
50-55 6 6 4 4 0 0 0 1 19 21 16 14
55-60 6 6 6 8 0 1 0 0 18 20 23 22
60-65 a 8 6 6 0 1 0 1 30 32 22 23
65-70 7 7 5 5 1 0 0 0 22 24 16 15
70-75 8 8 6 6 0 0 1 0 33 35 24 26
75-80 6 6 6 6 2 4 0 0 26 27 24 23
80-85 8 8 6 6 1 3 0 1 28 29 19 20
85-90 9 9 8 8 1 1 1 0 35 36 25 27
90-95 8 8 6 6 0 2 0 1 29 31 20 21
95-100 13 13 10 11 2 4 1 2 53 55 43 45
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Table 96. Cumulative % at or below error value, knee height sitting, female blacks
Error (mm) All Subjects Female Black Female Black
5 30 00% 27.61% 32 39% 33.91%
10 53.04% 49 13% 62.83% 63 26%
15 72.61% 69 35% 80.43% 82.39%
20 87 17% 83 48% 90.22% 90.43%
25 94.35% 92.83% 96.09% 96 74%
30 97 17% 96.52% 98.91% 98 91%
35 98.91% 98.48% 99.57% 99 57%
40 99.57% 99 57% 99.57% 99 57%
45 99.78% 99.78% 99.78% 99 78%
50 99.78% 99.78% 100.00% 100.00%
More 100.00% 100 00% 100 00% 100.00%
Figure 144. 95% Confidence intervals overall, knee height sitting, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Knee Height Sitting
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Figure 145. 95% Confidence intervals by percentile range, knee height sitting, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Knee Height Sitting
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Figure 146. Mean error, sitting height, male whites
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Table 97. Prediction error (absolute) summary statistics, sitting height, male whites
Percentile
Range
Error Standard Deviation (mm)
All Male White Male
Subjects White
Minimum Error (mm)
All Male White Male
Subjects White
Maximum Error (mm)
All Male White Male
Subjects White
0-5 15 14 19 17 0 0 0 0 53 50 64 59
5-10 14 15 16 15 2 0 3 0 65 62 76 71
10-15 12 12 14 13 0 0 1 1 38 36 50 44
15-20 10 10 12 10 0 0 2 0 34 32 45 40
20-25 13 14 14 13 2 1 1 1 51 54 51 46
25-30 13 12 13 13 1 0 3 0 49 47 61 55
30-35 12 12 14 13 2 0 0 0 41 44 47 42
35-40 10 12 9 9 0 0 1 2 43 45 39 37
40-45 12 13 9 9 0 0 0 1 41 44 35 36
45-50 11 11 11 11 1 0 0 1 34 36 42 37
50-55 15 15 17 15 1 1 1 4 58 56 70 65
55-60 12 13 12 12 1 1 1 2 63 66 53 56
60-65 14 15 15 14 0 1 2 2 65 68 55 60
65-70 12 13 10 11 1 1 2 0 42 45 37 36
70-75 12 13 13 12 1 0 1 2 46 49 53 46
75-80 11 11 12 11 1 1 0 0 40 43 44 36
80-85 12 12 13 12 1 0 2 4 49 52 46 43
85-90 15 16 13 15 1 2 1 0 56 59 45 50
90-95 11 12 8 8 1 0 1 1 38 40 34 32
95-100 16 17 14 15 0 0 0 0 57 60 46 51
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Table 98. Cumulative % at or below error value, sitting height, male whites
Error (mm) All Subjects Male White Male White
5 17 47% 17.98% 20.55% 16 61%
10 32.36% 30 31% 36.13% 38 70%
15 48 46% 44.01% 53 08% 52.57%
20 60 27% 59.42% 67.64% 64.55%
25 72.43% 71.75% 76.54% 76 37%
30 83.22% 82.02% 83.56% 83 90%
35 89 38% 88.70% 88 36% 90 58%
40 94 01% 93 15% 93 15% 94.35%
45 96 75% 96.06% 95.55% 97.26%
50 98.12% 97.77% 97.60% 98 29%
More 100 00% 100 00% 100 00% 100.00%
Figure 148. 95% Confidence intervals overall, sitting height, male whites
95% Confidence Intervals, Overall 
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Figure 149. 95% Confidence intervals by percentile range, sitting height, male whites
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Figure 150. Mean error, sitting height, male blacks
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Figure 151. Absolute mean error, sitting height, male blacks
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Table 99. Prediction error (absolute) summary statistics, sitting height, male blacks
Percentile
Range
error Standard Deviation (mm)
All Male Black Male
Subjects Black
Minimum Error (mm)
All Male Black Male
Subjects Black
Maximum Error (mm)
All Male Black Male
Subjects Black
0-5 24 23 20 19 1 4 0 1 78 76 60 54
5-10 18 17 14 13 5 7 1 3 62 60 44 42
10-15 26 26 21 19 4 2 4 1 91 88 72 67
15-20 22 21 14 12 1 1 1 4 67 65 48 43
20-25 14 13 10 10 2 5 5 0 56 53 37 32
25-30 23 23 15 13 3 0 3 0 66 63 47 41
30-35 19 18 17 17 3 1 0 2 70 68 52 57
35-40 30 30 21 18 1 0 3 1 89 87 70 64
40-45 14 14 12 9 12 10 0 0 59 57 40 35
45-50 19 18 12 12 1 3 5 10 54 51 45 50
50-55 19 17 11 11 0 3 1 1 59 56 39 34
55-60 15 14 9 8 4 6 6 0 51 48 32 27
60-65 21 20 17 15 1 4 2 2 63 61 44 46
65-70 25 24 18 16 2 4 0 1 84 81 64 58
70-75 16 16 11 9 7 4 3 1 56 53 36 30
75-80 11 10 12 13 0 2 0 1 46 44 38 43
80-85 15 14 11 12 8 7 2 2 56 54 37 33
85-90 14 14 10 8 5 2 1 0 49 46 29 23
90-95 30 29 23 22 4 6 3 4 109 106 88 82
95-100 11 11 7 10 1 1 2 0 37 34 27 32
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Table 100. Cumulative % at or below error value, sitting height, male blacks
Error (mm) All Subjects Male □ lack Male Black
5 10.96% 12.28% 17 54% 18 86%
10 21.93% 23 25% 35 09% 34 65%
15 30 70% 35.53% 49 56% 50.88%
20 40 35% 43.86% 63.16% 63 60%
25 49 12% 55.26% 72.37% 74 12%
30 61.40% 64.04% 8070% 81.14%
35 68 42% 72.37% 84 65% 8947%
40 76.32% 78.07% 90 79% 92.11%
45 80.70% 83 77% 94 30% 95.18%
50 84.65% 87 28% 96.49% 96.93%
More 100 00% 100 00% 100 00% 100 00%
Figure 152. 95% Confidence intervals overall, sitting height, male blacks
95% Confidence Intervals, Overall
Predicted Male Black Sitting Height
All Subjects Male Black Male Black
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Figure 153. 95% Confidence intervals by percentile range, sitting height, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Sitting Height
Percentile Range
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Figure 154. Mean error, sitting height, female whites
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Figure 155. Absolute mean error, sitting height, female whites
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Table 101. Prediction error (absolute) summary statistics, sitting height, female whites
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female White Female
White
All
Subjects
Female White Female 
White
All
Subjects
Female White Female
White
0-5 11 11 13 14 1 0 1 Q 53 52 45 50
5-10 13 13 12 12 0 1 1 1 53 51 43 45
10-15 9 8 8 10 0 1 1 0 34 32 31 36
15-20 10 10 11 13 0 1 0 0 36 35 44 49
20-25 11 11 10 10 2 0 1 0 48 46 39 40
25-30 15 14 13 13 0 2 1 0 58 56 49 53
30-35 13 13 11 12 2 0 1 1 44 42 39 44
35-40 10 10 9 10 2 0 0 1 47 45 37 34
40-45 13 12 7 7 0 1 4 2 39 37 31 36
45-50 10 10 9 10 1 0 1 1 33 31 35 41
50-55 13 13 10 9 0 0 1 2 52 50 42 37
55-60 13 13 11 11 1 1 2 2 46 44 49 54
60-65 12 12 12 13 2 4 1 0 51 49 41 43
65-70 11 11 9 9 1 1 1 0 43 41 33 38
70-75 12 11 8 8 0 1 0 1 44 42 34 37
75-80 17 17 14 13 3 1 2 0 59 57 49 44
80-85 13 12 12 13 1 3 1 1 51 49 52 58
35-90 16 15 14 13 3 1 0 0 64 62 54 49
90-95 19 18 16 15 3 1 2 1 72 70 62 57
95-100 18 17 15 13 4 2 0 1 66 64 56 51
Sitting Height (Visual Index 93): Female White Validation Group Prediction Results 155
Table 102. Cumulative % at or below error value, sitting height, female whites
Error (mm) All Subjects Female White Female White
5 16.37% 17.08% 20.60% 22.54%
10 30.11% 33.10% 39.79% 40.67%
15 46.65% 49.12% 56 69% 57 04%
20 60 21% 63.20% 71.13% 70.60%
25 70 77% 75.53% 81 51% 80.99%
30 80 46% 82 92% 88.20% 88.91%
35 87 15% 88 56% 93.49% 93.31%
40 91 73% 92 96% 95.60% 96.48%
45 95 77% 96 48% 98.06% 98 24%
50 96 65% 97 89% 99 12% 98 77%
More 100 00% 100.00% 100.00% 100.00%
Figure 156. 95% Confidence intervals overall, sitting height, female whites
95% Confidence Intervals, Overall
Predicted Female White Sitting Height
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Figure 157. 95% Confidence intervals by percentile range, sitting height, female whites
95% Confidence Intervals, Percentile
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Figure 158. Mean error, sitting height, female blacks
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Figure 159. Absolute mean error, sitting height, female blacks
Table 103. Prediction error (absolute) summary statistics, sitting height, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Rlartc
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female
Black
0-5 14 15 10 10 3 1 0 1 56 5S 39 42
5-10 14 15 11 11 4 2 3 0 61 64 44 47
10-15 14 14 13 13 2 0 0 0 56 58 39 42
15-20 17 17 15 15 1 1 0 1 59 61 51 49
20-25 13 13 12 12 0 2 0 0 53 55 41 38
25-30 15 16 9 10 0 0 2 0 53 55 36 38
30-35 15 16 11 11 0 0 2 3 56 58 38 41
35-40 11 12 10 10 2 4 1 1 42 44 39 36
40-45 13 14 8 9 3 1 1 0 45 47 27 30
45-50 12 12 11 10 2 2 0 1 56 58 38 41
50-55 13 14 11 11 0 2 1 1 50 52 41 38
55-60 13 14 11 11 0 2 0 0 55 57 40 39
60-65 12 13 11 10 1 1 0 1 38 40 42 39
65-70 12 12 12 11 0 2 0 0 41 43 48 45
70-75 15 16 13 12 1 3 0 1 67 69 48 51
75-80 16 17 11 12 1 2 1 2 60 62 41 44
80-85 16 16 18 18 5 3 1 0 66 68 66 64
85-90 17 18 16 16 0 0 3 1 59 61 65 62
90-95 16 17 14 14 1 1 0 0 70 72 51 54
95-100 12 12 14 13 2 4 1 1 57 60 47 44
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Table 104, Cumulative % at or below error value, sitting height, female blacks
Error (mm) All Subjects Female Black Female Black
5 14 57% 13 70% 21 74% 2 2  39%
10 30 43% 28.04% 40 65% 42.39%
15 44 35% 39 13% 56 96% 55 87%,
20 56 52% 53.26% 69.35% 71 09%
25 68 04% 65.43% 80 65% 81 09%,
30 77 61% 75.00% 86 30% 86.52%
35 86 09% 82.61% 89.57% 90 43%
40 90 87% 88 70% 95.00% 94 78%,
45 93 70% 92 61% 97.83% 97 83%,
50 95 65% 95.00% 98 91% 98.91%
More 100 00% 100.00% 100.00% 100 00%
Figure 160.95% Confidence intervals overall, sitting height, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Sitting Height
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Figure 161. 95% Confidence intervals by percentile range, sitting height, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Sitting Height
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Figure 162. Mean error, thumb tip reach, male whites
Figure 163. Absolute mean error, thumb tip reach, male whites
Actual Thumb Tip Reach Percentile Range
Table 105. Prediction error (absolute) summary statistics, thumb tip reach, male whites
Percentile
Range
Error Standard Deviation (mm)
All Male White Male
Subjects White
Minimum Error (mm)
All Male White Male
Subjects White
Maximum Error (mm)
All Male White Male
Subjects White
0-5 16 16 14 15 0 1 1 2 57 62 48 55
5-10 17 19 15 17 3 0 0 2 76 81 66 74
10-15 14 16 10 13 0 0 1 1 56 61 46 53
15-20 13 14 10 13 1 4 1 1 48 53 38 46
20-25 14 15 12 14 0 1 1 0 55 60 45 52
25-30 10 11 10 10 0 0 2 0 37 42 42 35
30-35 14 17 11 13 1 0 0 1 50 55 40 47
35-40 9 10 8 9 1 2 0 0 36 41 31 34
40-45 10 11 12 10 0 0 0 1 42 47 36 40
45-50 12 13 14 12 0 1 0 2 46 45 55 48
50-55 11 12 10 10 1 0 0 0 40 46 40 38
55-60 9 10 9 9 0 0 1 0 36 41 39 34
60-65 10 12 9 9 1 0 1 1 40 45 33 37
65-70 11 11 13 11 3 0 1 0 45 50 41 43
70-75 10 10 14 11 1 0 1 0 44 39 53 46
75-80 11 10 14 12 0 2 0 0 39 39 48 41
80-85 14 13 15 15 1 0 0 1 52 47 61 54
85-90 12 11 15 12 2 2 2 4 44 39 54 46
90-95 11 ,0 12 12 0 1 2 0 42 37 52 44
95-100 16 15 19 17 4 1 1 6 59 54 69 61
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Table 106. Cumulative % at or below error value, thumb tip reach, male whites
Error (mm) All Subjects Male White Male White
5 19 52% 18 84% 17 47% 17 29%
10 36 30% 34 76% 33 22% 36 13%
15 52 40% 47 77% 48 63% 51 20%
20 61.99% 61 47% 61 99% 62 33%
25 72.95% 70 55% 72 95% 72 60%
30 81.66% 79 45% 81 34% 82 53%
35 88.70% 86 47% 88 01% 90 07%
40 94.18% 91 61% 92 12% 94 86%
45 96 40% 95 55% 95 21% 96 40%
50 97 95% 97 60% 97 60% 97 60%
More 100 00% 100 00% 100 00% 100 00%
Figure 164. 95% Confidence intervals overall, thumb tip reach, male whites
95% Confidence Intervals, Overall
Predicted Male White Thumb Tip Reach
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Figure 165. 95% Confidence intervals by percentile range, thumb tip reach, male whites
95% Confidence Intervals, Percentile
Predicted Male White Thumb Tip Reach
Percentile Range
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Figure 166. Mean error, thumb tip reach, male blacks
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Figure 167. Absolute mean error, thumb tip reach, male blacks
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Table 107. Prediction error (absolute) summary statistics, thumb tip reach, male blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All Male
Subjects
Black Male 
Black
All Male
Subjects
Black Male 
Black
All Male
Subjects
Black Male 
Black
0-5 6 8 14 15 5 1 2 1 28 32 43 49
5-10 14 15 18 20 1 0 2 2 48 53 64 71
10-15 15 13 10 10 0 2 3 2 52 47 37 31
15-20 6 8 13 15 3 2 3 0 22 26 37 44
20-25 11 10 9 9 0 0 1 8 38 34 28 35
25-30 14 14 14 15 7 6 1 2 51 47 43 51
30-35 13 11 10 11 2 1 1 1 48 43 33 31
35-40 10 10 10 12 4 1 1 0 45 41 32 39
40-45 16 15 14 14 2 3 1 4 61 56 46 43
45-50 17 15 8 8 1 1 5 2 46 41 30 25
50-55 20 17 13 13 1 2 2 1 61 56 46 39
55-60 15 15 11 8 8 3 0 1 54 49 38 31
60-65 17 17 18 19 13 8 3 3 71 66 56 51
65-70 17 17 15 12 4 1 0 0 61 56 46 39
70-75 17 17 17 17 21 16 5 1 68 63 52 45
75-80 16 16 13 11 7 2 1 1 55 50 39 32
60-85 21 21 19 15 9 4 0 0 75 70 59 52
85-90 15 15 14 12 12 7 5 3 70 65 53 46
90-95 14 14 15 15 28 23 11 4 71 66 55 48
95-100 19 19 19 19 32 26 14 6 87 82 70 63
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Table 108. Cumulative % at or below error value, thumb tip reach, male blacks
Error (mm) All Subjects Male Black Male Black
5 10.53% 14 47% 16 67% 19.30%
10 19 74% 23 68% 32 89% 35 09%
15 29.39% 35 53% 50 00% 49 12%
20 41 23% 48 68% 58 33% 64.04%
25 50 88% 59 65% 67 98% 73.25%
30 61 84% 66 23% 77.19% 78 07%
35 67 98% 75.00% 84 21% 85.96%
40 75 00% 80.26% 89 04% 92.11%
45 79 82% 86.84% 92 98% 94 74%
50 87.28% 89 91% 96 05% 97.37%
More 100.00% 100.00% 100 00% 100 00%
Figure 168. 95% Confidence intervals overall, thumb tip reach, male blacks
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Predicted Male Black Thumb Tip Reach
All Subjects Male Black Male Black
Multiplier
Figure 169. 95% Confidence intervals by percentile range, thumb tip reach, male blacks
95% Confidence Intervals, Percentile
Predicted Male Black Thumb Tip Reach
Percentile Range
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Figure 170. Mean error, thumb tip reach, female whites
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Figure 171. Absolute mean error, thumb tip reach, female whites
Actual Thumb Tip Reach Percentile Range
All Subjects
Female
White
< Female White
Table 109. Prediction error (absolute) summary statistics, thumb tip reach, female whites
Percentile
Range
Error Standard Deviation (mm)
All Female White Female
Subjects White
Minimum Error (mm)
All Female White Female
Subjects White
Maximum Error (mm)
All Female White Female
Subiects White
0-5 17 17 16 15 2 4 1 0 61 58 53 45
5-10 20 19 18 14 1 2 0 0 72 68 63 55
10-15 18 17 16 12 1 1 1 3 65 61 56 48
15-20 16 15 13 10 0 1 0 1 52 48 43 36
20-25 15 15 13 10 1 0 0 0 56 52 47 39
25-30 11 11 9 9 1 0 2 0 54 50 45 36
30-35 17 16 15 13 4 3 1 0 62 58 52 45
35-40 16 15 13 10 1 1 1 1 60 56 51 43,
40-45 17 16 15 13 3 0 2 0 72 68 63 55
45-50 13 12 10 8 2 0 0 1 50 46 41 33
50-55 12 11 8 6 1 0 0 0 37 33 28 20
55-60 12 12 11 12 1 0 1 1 57 53 48 42
60-65 12 11 9 11 2 1 1 1 55 51 46 30
65-70 9 9 10 12 5 1 0 0 39 35 30 37
70-75 14 13 12 11 0 0 1 1 67 62 57 49
75-80 8 7 8 11 1 1 0 1 31 29 34 41
B0-85 12 11 11 14 0 3 1 0 42 46 51 56
85-90 12 12 11 12 1 0 0 1 42 40 45 53
90-95 7 8 9 12 0 1 0 0 27 30 35 43
95-100 14 15 16 17 2 0 2 5 57 61 66 74
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Table 110. Cumulative % at or below error value, thumb tip reach, female whites
Error (mm) All Subiects Female White Female White
5 13 91% 17.78% 19.89% 21.13%
10 29 75% 32.57% 38.20% 39.61%
15 43 84% 48.94% 53 35% 56.69%
20 55.63% 61.80% 66 55% 69 89%
25 67 08% 73.24% 76 58% 79.23%
30 76 58% 80.46% 86 09% 85.04%
35 83.27% 87.68% 90.14% 88.73%
40 89 44% 90.85% 91.90% 95 25%
45 92 08% 92.43% 95 07% 97.54%
50 92 78% 95.60% 97 89% 98 59%
More 100.00% 100.00% 100 00% 100 00%
Figure 172. 95% Confidence intervals overall, thumb tip reach, female whites
95% Confidence Intervals, Overall
Predicted Female White Thumb Tip Reach
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Multiplier
Figure 173. 95% Confidence intervals by percentile range, thumb tip reach, female whites
95% Confidence Intervals, Percentile
Predicted Female White Thumb Tip Reach
Percentile Range
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Figure 174. Mean error, thumb tip reach, female blacks
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Figure 175. Absolute mean error, thumb tip reach, female blacks
Actual Thumb Tip Reach Percentile Range
Table 111. Prediction error (absolute) summary statistics, thumb tip reach, female blacks
Percentile
Range
Error Standard Deviation (mm) Minimum Error (mm) Maximum Error (mm)
All
Subjects
Female Black Female
Black
All
Subjects
Female Black Female 
Black
All
Subjects
Female Black Female 
Black
0-5 13 12 16 15 0 1 3 5 46 42 60 57
5-10 13 11 15 15 0 1 3 3 42 39 58 54
10-15 12 11 15 14 0 2 1 2 52 48 68 64
15-20 11 10 15 14 1 1 0 0 36 36 51 47
20-25 9 10 12 11 2 1 1 0 37 41 41 38
25-30 6 7 14 12 2 0 0 1 27 25 42 39
30-35 9 10 15 13 6 2 0 0 43 40 58 55
35-40 9 9 11 10 0 3 1 0 32 35 42 38
40-45 8 8 12 11 0 1 1 0 24 28 40 36
45-50 10 11 12 11 1 2 2 0 36 40 44 40
50-55 8 11 11 9 4 0 0 3 38 42 36 32
55-60 13 14 13 12 0 1 0 1 51 55 50 47
60-65 9 11 13 11 0 2 0 2 44 48 45 41
65-70 12 13 11 11 2 1 1 1 53 57 38 42
70-75 10 11 10 10 7 3 2 0 40 43 36 32
75-80 15 16 12 12 1 5 1 0 54 58 39 43
80-85 13 15 10 10 2 1 1 2 50 54 36 39
85-90 15 15 12 13 1 3 0 1 59 63 45 48
90-95 16 17 14 15 4 1 1 1 75 79 60 63
95-100 19 19 17 18 8 12 0 2 72 76 57 60
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Table 112. Cumulative % at or below error value, thumb tip reach, female blacks
Error (mm) All Subjects Female Black Female Black
5 11 96% 13.04% 19.78% 20.00%
10 27.17% 25.43% 38.48% 36.30%
15 44 78% 4043% 51 52% 51.30%
20 58 26% 55.22% 61.30% 63 91%
25 72.61% 67.83% 70 87% 73.26%
30 82.39% 78.04% 79.78% 82.61%
35 87 39% 85 65% 85 87% 88.26%
40 91.74% 90.00% 92.39% 93.48%
45 95 00% 93 26% 96 09% 96 30%
50 96.96% 95.43% 96 96% 97.83%
More 100 00% 100.00% 100.00% too 00%
Figure 176. 95% Confidence intervals overall, thumb tip reach, female blacks
95% Confidence Intervals, Overall
Predicted Female Black Thumb Tip Reach
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Figure 177. 95% Confidence intervals by percentile range, thumb tip reach, female blacks
95% Confidence Intervals, Percentile
Predicted Female Black Thumb Tip Reach
Percentile Range
APPENDIX B: Visual Index
Figure 178. Visual index diagrams of 10 dimensions selected 
(adapted from Gordon et al., 1989)
Acromial Height.............................. (2)
Acromial Height Sitting................. (3)
Bideltoid Breadth..........................(12)
Buttock-Knee Length................... (26)
Buttock-Popliteal Length.............(27)
Eye Height Sitting.........................(49)
Functional Leg Length................. (55)
Knee Height S itting..................... (73)
Sitting Height................................ (93)
Thumb Tip R each.......................(106)
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